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Preface 


This pocket atlas is designed to provide a plain and clear compendium of the essential 
facts of human anatomy for the student of medicine. It also demonstrates the basic 
knowledge of the subject for students of related disciplines and for the interested 
layman. For all students, preparation for their examinations and practice requires 
repetition of visual experiences. Text and illustrations in this book have been 
deliberately juxtaposed to provide visual demonstration of the topics of anatomy. 


The pocket atlas is divided according to organ systems into three volumes: Volume 1 
deals with the locomotor system, Volume 2 with the internal organs and skin, and 
Volume 3 with the nervous system and the organs of the special senses. The 
topographic relationships of the peripheral pathways of nerves and vessels are 
considered in Volume 1, insofar as they are closely related to the locomotor system; 
Volume 2 systematically describes the distribution of the vessels. The floor of the 
pelvis (pelvic cavity), which has a close functional relationship with the organs of the 
lesser pelvis, and the relevant topography are incorporated in Volume 2. The 
developmental anatomy (embryology) of the teeth is briefly mentioned in Volume 2 
because it aids understanding of the eruption of the teeth. The common embryological 
origins of the male and female genital Organs are also discussed because it helps to 
explain their structure in the adult, as well as their not infrequent variants and 
malformations. Certain problems connected with pregnancy and childbirth are 
mentioned in the chapter on the female reproductive organs. But these do not cover all 
the knowledge of embryology required by students. The notes on physiology and 
biochemistry are deliberately brief and only serve to provide better understanding of 
structural details. Reference should be made to textbooks of physiology and 
biochemistry. Finally, it must be emphasized that no pocket atlas can replace a major 
textboock or the opportunity to examine macroscopic dissections and microscopic 
preparations, 


The reference list mentions textbooks and Original papers as a guide to the more 
advanced literature, and it also cites clinical textbooks of relevance to the study of 
anatomy. 


Those who require less detailed knowled ge of the structure of the human body will find 
clear illustrations, too, of the anatomic bases of the more important methods of 
medical examination. To help the nonmedical reader, everyday English terms for the 
major organs and their parts have been supplied as far as feasible; these terms are also 
listed in the index, 


Frankfurt/Main, Kiel, Innsbruck The Editors 


From the Preface to the First Edition of Volume 2 


Heil senresten 1s brought to life mainly by its illustrations. | am grateful to Mr. G. 
teachin rtad a8 produced them. The book originated from knowledge gained by 
are Bg ents, It is intended Pnncipally for medical students and the interested la 

€r, who has been represented by Renate and Matthias. = 


Homburg (§ ) 1 
@ (Saar), October 197? Helmut Leonhardt 


Preface to the Fourth Edition of Volume 2 


This edition includes some additional material and improvements, particularly with 
regard to the lymphatic organs and endocrine organs. The section on the teeth has 
been expanded. A further addition that seemed appropriate was the inclusion of 
cellular processes involved in fertilization and basic aspects of placenta formation. 


[ owe thanks to many colleagues who have given valuable advice about facts and 
technical matters. I particularly wish once again to thank Prof. Junzo Ochi, Shiga 
University, Seta, Otsu City, who translated the book into Japanese, for his numerous 
improvements, and Prof. B. Krisch, Kiel, and Prof. Platzer, Innsbruck, for discussions 
and suggestions. Suggestions from students have led to better presentation of the 
material. I must thank Dr. h. c. G. Hauff and Dr. D. Bremkamp, the initiators of the 
work and their colleagues, the publishers, Georg Thieme Verlag, for the willingness 
and patience they have shown in overcoming the technical problems. 


Kiel, February 1993 Helmut Leonhardt 
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How to Use This Book 


Each illustration is marked by a capital 
letter and the illustrations on each page 
have consecutive reference numbers. 
Duplicate pictures of the same structure 
or organ have the same number. Refer- 
cnces in the text to the illustrations show 
the corresponding letters and numbers. 
Thus, it is easy to refer from the picture to 
the corresponding text and from the text 
to look at the appropriate illustration. 


Students can use the book as a synopsis 
and as an aid to recall facts acquired 
during lectures and courses in macro- 
scopic and microscopic anatomy. In order 
to refresh the memory, e.g. when prepar- 
ing for an examination, it is useful for two 
candidates to work together; one reads 
aloud a page of the text with its references 
and the other looks up the structures 








indicated on the page of illustrations. 
Subsequently, students should exchange 
roles and go through the same part of the 
text again. In this way the information is 
taken in by both the eye and the ear and is 
repeated in a convenient fashion. An 
advantage of the concise text is that it 
refreshes the memory of facts acquired in 
regular courses. If particular topics are 
not recalled, or if any doubts arise during 
revison, the two candidates should dis- 
cuss the subject in question and look it up 
in one of the larger text books (see the list 
of references at the end of the book). 
Despite its brevity this book contains a 
sufficient number of repetitions, as par- 
ticularly important or complicated mat- 
ters are often discussed again from 
another aspect on the same or a subse- 
quent page. 
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Viscera 


The human viscera, organs on whose 
activities the life of the entire organism 
depends, lie within the neck, chest, abdo- 
men and pelvis. From a functional point 
of view they can be classified into “Sys- 
tems”: circulatory system (heart and 
blood vessels), blood and defense systems 
(blood, lymphatics, bone marrow) endo- 
crine system (ductless glands and cells 
which produce hormones in the respira- 
fory system, digestive System, and urogen- 
ital system), respiratory system (nose, 
airways, larynx and lungs), digestive SYS- 
tem (mouth, esophagus, gastrointestinal 
tract, liver and pancreas), and urogenital 


system (urinary and genital or reproduc- 
five organs). 


A Survey of viscera immediately adja- 
cent to the anterior and posterior walls of 
the trunk. Black: Organs of the circula- 
tory system; blue: organs of the respira- 
tory system; red: Organs of the digestive 
Systems; yellow: Organs of the urogenital 
system. 


The following de 


Scription of the viscera 
reviews their 


the body. 


he frunk, which al 
functions of certain 


UOn) are disc 
ria: Ussed in Vo], 1 


cussed in the appropriate sections of this 
volume. The skin, a multifunctional or- 
gan, is also described in this volume, even 
though it is not included amongst the 
viscera, and has vital sensory functions 
which are discussed in Vol. 3. The ner- 
vous system, i. e., brain, spinal cord, 
peripheral nerves and sense organs, origi- 
nally regarded as belonging to the vis- 
cera, 1s contained in Vol. 3. The nervous 
System, together with the endocrine 
glands, has a great influence on coor- 
dinating the functions of the viscera. The 
Systemic anatomical approach, which 
predominates in this atlas, makes it 
necessary to include with the viscera 
Other visceral structures situated in the 
head, as well as the systematic arrange- 
ment of the blood and lymphatic vessels 
situated in the locomotor system. The 
topographic localization of the peripheral 
neurovascular pathways (vessels and 
nerves) is described in Vol. 1. 


‘ B Position of sections through 
body, with page references 


A Organs in thorax and abdomen 
immediately adjacent to walls of 


trunk 








sieeees 138 


----280 


*314 
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Circulatory System 


The heart and the vessels are the organs 
of circulation. They contain blood (with 
the exception of lymphatic vessels). 


Circulatory systems. In man and the high- 
er mammals after birth it is possible to 
distinguish between the greater (systemic) 
circulation, that supplies blood to all the 
organs, and the lesser (pulmonary) circu- 
lation, which serves for the exchange of 
gases. Together they form a continuous 
circuit shaped like a figure 8. At its center 
IS a Suction and pressure pump, the heart. 


Arteries, capillaries, veins. All vessels 
that carry blood away from the heart are 
called arteries, and all vessels which carry 
blood toward the heart are called veins. 
Between the arteries and the veins in the 
systemic and pulmonary circulations lies 
the capillary network. In the systemic 
circulation arteries carry blood that is rich 
In Oxygen (oxygenated), and veins carry 
blood that is deficient in oxygen (desoxy- 
genated). In the pulmonary circulation 
blood deficient in Oxygen (desoxyge- 
nated) flows through the arteries into the 
lungs and blood rich in oxygen (oxyge- 
nated) passes through the veins to the 
heart. In the pulmonary circulation there 
1s Only one organ, the lungs, through 
Which all the blood flows, and it is of 
uniform composition. In the Systemic cir- 
culation there are various organs, e.g 

the kidneys, intestines, endocrine glands. 


mic blood flow can take 


ne atemiber that blood rich 
Wn as “arterial” (ox 

. = 
Od deficient in ox le 


IN Oxygen is kn 
nated) and blo 


Called “yenoys” (deoxygenated). = 

H . . . 
rly The heart is divided into nyo parts, 
Part has an antechamber, the 


jamber, the ventri- 
(right atrium and 
0od through the pul- 


monary circulation, and the “left heart” 
(left atrium and ventricle) is responsible 
for flow through the systemic circulation. 


The course of the blood. The systemic 
circulation. The blood flows from the left 
atrium AB1 into the left ventricle AB2, 
and thence via the main artery (aorta 
AB3) into the capillary networks of the 
organs. Figure A shows the capillaries of 
the intestines A4 and A5. Blood flows 
from the legs and the lower half of the 
trunk via the inferior vena cava AB6 into 
the right atrium AB7; it is returned from 
the head, arms and the upper half of the 
trunk via the superior vena cava. Deoxy- 
genated blood passes from the intestine 
and the other unpaired abdominal viscera 
first into the portal vein A8, and finally it 
is returned again via the inferior vena 
cava into the right atrium. The capillary 
network of the liver A9 is situated in the 
venous section of the stomach-intestine- 
spleen circuit (portal circulation). 


The pulmonary circulation: Blood flows 
from the right atrium AB7 into the right 
ventricle AB 10, and then via the pulmo- 
nary arteries (the arteries of the lung) 
AB11 into the capillary network of the 
lung A12, from where it flows back via 
the veins of the lungs (pulmonary veins) 
AB13 into the left atrium. 


Lymphatics. Tissue fluid in the capillary 
bed, which enters the tissues from the 
blood vessels in connection with tissue 
nutrition, is partly drained via a special 
network of small A14, 15 and large A16 
lymphatic vessels, which return it to the 
venous side of the systemic circulation 
A17. In the lymph vessels biological fil- 
ters, lymph nodes A 18, are interpolated. 
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Circulatory System 5 





B Pulmonary circulation. 
Systemic circulation 
(schematic) 


A Organs of circulation (schematic) 


6 Circulatory System 


Heart 
Shape of the Heart 


The heart can be compared to a rounded 
cone lying on its side. The apex — apex cordis 
— points forward toward the left and down- 
ward; the base — basis cordis — points back- 
ward toward the right and upward. The size 
of the heart is determined by the amount of 
work it has to perform, and is at least as big 
as the clenched fist of its possessor. 


Anterior surface, facies sternocostalis, A 
shows the heart in its natural position. 
The pericardium which envelops_ the 
heart has been removed (AB1 shows the 
line where it has been cut). The anterior 
Surface is mainly formed by the right 
ventricle AC2 to the right of which lies 
the right atrium ABC3 with the superior 
ABC4 and inferior vena cava ABCS. To 
the left it is flanked by the /eft ventricle 
ABC6. The pulmonary artery (the pul- 
monary trunk) AC7 emerges from the 
right ventricle. The aortic arch ABC8 lies 
across the bifurcation of the pulmonary 
artery. It gives off the large vessels to the 
head and arms (the brachiocephalic or 
nominate artery ABY, the left common 
carotid artery AB 10, and left subclavian 
artery AB11). Between the pulmonary 
bifurcation and the aortic arch runs a 
ligament, the ligamentum arteriosum (li- 
Re of Botallo) A12 (see p. 46). Each 
gs has a Pouch, the auricle. This 
- PS to produce the rounding of the 

ape of the heart by filing in the niche 


? 


of the heart to the 


Base of the he 


art, basi 
terior aspect. t ’ S cordis. The pos- 


he base, shows the attach- 


ments of the great veins. Its right half is 
occupied by the essentially vertical right 
atrium, its left half by the horizontal left 


atrium BC17 (see “Venous Cross,” p. 
22). 


The pulmonary trunk divides into the 
right and left pulmonary arteries B18. The 
pulmonary veins BC19 open into the left 
atrium. The left coronary artery and a 
vessel for the venous return from the 
heart muscle, the coronary sinus, B20, 
pass in the left coronary sulcus. 


Lower surface, facies diaphragmatica. 
The lower or diaphragmatic surface of 
the heart rests on the diaphragm. It be- 
comes visible if the heart is turned from 
its normal position (arrow). The under- 
surface is mainly occupied by the left 
ventricle. Between the left and right ven- 
tricle in the posterior interventricular sul- 
cus, runs the posterior interventricular 
branch of the right coronary artery C21. 


Beneath the perfectly smooth, shiny 
pericardial surface, the epicardium, 
which covers the heart muscle (see p. 22), 
are some areas of fatty tissue between the 
superficial muscle fascicles and coronary 
arteries and the myocardium (“building 
fat”). It helps to maintain the uniform 
rounded shape of the heart. 


Since the heart borders the air-filled lungs 
on both sides, it is readily visible on X-ray 
(see p. 28). 
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B Base of heart 


C Heart, seen from below 
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8 Circulatory System 


Chambers of the Heart 


The heart is cut open in two frontal planes, 
one behind the other; their position is 
marked in Fig. C. In A the anterior section 
passes through the right ventricle which lies 
furthest in front of the left rotation of the 
heart. The posterior section B has opened 
up both ventricles and atria. 


Atria. The interior wall of the left BL and 
right AB2 atria is mainly smooth. Only in 
the auricles A2, A3 does the atrial mus- 
cle protrude in the shape of small, comb- 
like ridges, the pectinati muscles, as 
shown in B in a section through the atrial 
wall. The right atrium: the opening of the 
superior vena cava, ostium venae cavae 
superioris AB4 widens as it passes into 
the atrium. The opening of the inferior 
vena Cava, ostium venae cavae inferioris 
ABS is partly covered in front by asickle- 
shaped ridge, the “valve” of the inferior 
vena cava (valve of Eustachius) B6. Dur- 
ing fetal life this valve directs the blood 
towards the membranous interatrial sep- 
tum which at that time has an opening 
leading into the left atrium, the foramen 
ovale (see p. 324). Below the valve the 
venous return from the heart muscle en- 
pk via the coronary sinus B7. It, too, is 

climited by a semicircular ridge, the 


valve of the 
coronary sinus (valvula 
Thebesius). : sd 


Ventricles. The interior w 
A8 and left A9 ventricles 
more so in the contracte 
in the relaxed state of 
tole). Strong muscula 
trabeculae carneae cor 
from the muscle walls, s 
Papillaris muscles, are p 
oe The papillaris 
wie ventricle All arises from the 
s a Ga pa and is called the 
r band.” It fo ‘| 
fea aad crest (cut A ya Spe. 
ye into the Outflow tract (arrow 
mae © ventricular septum is predo- 
vente muscle, but on top, at the atrio- 
pe s border, there is a zone of 
er ape is tissue where congenital de- 
€ septum are most frequently 


all of the right 
is very rugged, 
d (systole) than 
the heart (dias- 
r columns, the 
dis B10, project 
ome of which, the 
articularly promi- 
anterior muscle of 


located. 





Valves. The atrioventricular orifice, 
ostium atrioventriculare, is closed by a 
cusped valve (atrioventricular valve) 
AB 12. The outflow from each ventricle is 
also closed by a valve, that from the right 
ventricle into the pulmonary trunk AB13 
by the pulmonary valve, and that from 
the left ventricle into the aorta AB 14 by 
the semilunar aortic valve B15. 


Cusped valves: The atrioventricular valve 
of the right heart consists of 3 cusps; it is 
the tricuspid valve AB12. The corre- 
sponding valve of the left heart is formed 
by 2 cusps: the bicuspid “mitral” (atrio- 
ventricular) valve B16. It resembles the 
bilobed miter of a bishop. The cusps arise 
from a fibrous ring, the “skeleton” of the 
heart, which separates the muscles of the 
atrium from those of the ventricle (visible 
in the sectioned heart B). They are at- 
tached to the tips of the papillary muscles 
by their tendons, the chordae tendineae. 


Semilunar valves: At the root of the aorta 
and of the pulmonary trunk are semilunar 
valves, the aortic valve B15 and the pul- 
monary valve (tip of the blue arrow point- 
ing upwards towards A13 in A). Each of 
the semilunar valves consists of 3 pockets 
with the base pointing towards the ap- 
propriate opening. 


Arrows: Direction of flow of deoxygenated 
blood (blue) and oxygenated blood (red). 
Function of heart valves (see p. 11). 
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10 Circulatory System 


Valves of the Heart 


The valves, two cusped atrioventricular 
valves and two semilunar valves, lie in the 
same plane, the valve plane AB. They 
arise from the “skeleton of the heart,” see 
p. 12. 


Cusped valves. Each cusp (flap) BClisa 
doubling up of the endocardium. The 
delicate tendinous cords, chordae ten- 
dineae, arise from the free margin of the 
cusp and from its lower surface. They 
extend for the most part to the papillaris 
muscles C2 and hold the cusp in position 
to prevent if from flapping back into the 
atrium. During diastole (relaxation) of 
the ventricle the edges of the cusps move 
apart, and the valve opens E. When the 
Pressure inside the ventricle increases 
(systole), the flaps spread out, approach 
cach other and close the valve D; see 
Action of the Heart, p. 16. 


Clinical Tips. After inflammation of the 
CUuSPS, Scars may form along the margins of 
the valve F. This may cause narrowing of the 
valve orifice, called stenosis. If the margins 
of the valve become contracted by scars and 
can no longer be closely approximated, “in- 
ri aa (insufficiency) of the valve re- 
mi Valvular incompetence may also result 
: eS gross dilatation of the heart in cardiac 
ea ee (failure of the heart muscle). In this 
ee en the papillaris muscles and the base 
je € valve become SO far separated that 
Osure of the valve is no longer possible. 
Tricuspid valve (right atrioventricular val- 
ve) B3. Of the three cusps, one is situated 
In front (anterior cusp), One behind 


(posterior cus 
P), and o : 
(septal basa). Th ne in the middle 


l septal cusps are anchored to 
Papillaris posterior muscles. The 
cusp Partly covers the membra- 
art of the interventricy] 


SMaller 
Septal 
nous p 


ar septum. 


tendinae attached to anterior and pos- 
terior groups of papillaris muscles. The 
anterior cusp, which is attached to the 
wall of the aorta, separates the inflow 
from the outflow of the left ventricle. 


Semilunar valves. The arterial valves 
consist of 3 semilunar cusps which are 
also duplicates of the endocardium: the 
pulmonary valve B4 has anterior, right 
and left cusps: the aortic valve B5, G has 
posterior, right and left cusps. The right 
BG6 and left BG7 coronary arteries arise 
in the depth of the right and left aortic 
sinuses formed by the cusps of the aortic 
semilunar valve. At the level of the semi- 
lunar valves the vessel wall bulges out- 
ward, sinus of the aorta, and the trans- 
verse diameter of the vessel is enlarged 
forming the bulb of the aorta. There is a 
nodular thickening at the center of the 
free edge of each cusp H8, the nodule, 
and on both sides of the nodule the edges 
of the cusps are thinned forming the 
lunula (half moons). During systole (con- 
traction) of the ventricle the edges of the 
cusps lie apart from each other K, but 
because of turbulence formation within 
the sinuses, they do not become flattened 
against the vessel wall. When the 
pressure inside the artery exceeds that in 
the ventricle (during diastole) the cusps 
spread out to close the valve I. The 
nodules at the valve edges help to ensure 
tight closure; see Action of the Heart, p. 
16. B9 Coronary sinus. 


Clinical Tips. After inflammation of the 
valves, stenosis or insufficiency of the 
heart may occur, L. 
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C Mitral valve (left atrio- 
ventricular valve) 
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12 Circulatory System 


Cardiac Muscle 


The wall of the heart consists of three 
layers: the endocardium (inner lining), 
myocardium (heart muscle) and epicar- 
dium (the outer fibrous connective tissue 
layer covering the heart). The thickness 
of the wall of the heart depends mainly on 
the myocardium. It is covered inside and 
outside by endocardium and epicardium 
as thin, smooth, skinlike layers. The de- 
gree to which the muscles of the various 
parts of the heart are developed depends 
on the amount of work they are made to 
perform — the walls of the atria are a thin, 
relatively weak muscle; the muscle of the 
right ventricle (pulmonary circulation) is 
thinner than that of the left (systemic 
circulation). 


During fetal life, when the placenta is incor- 
porated into the systemic circulation (see p. 
324), the Weight of the heart is about 0.6% of 


the body weight as against 0.4—0.5% duc: 
life after birth. - ‘4-0.5% during 


Clinical Tips. In stenosis or insufficiency of 
an arterial valve, or of the mitral (biscupid) 
valve, the ventricle that pumps the blood 
through that valve becomes hypertrophied 


due to its increased worklad, and this can be 
seen on a radiograph. 


Cardiac Skeleton. Th 
atria are com 
Muscle of the 
tive ti 


40rta AB3 and the 
AB4. The Cardiac sk 
valve plane: 


pulmonary trunk 
eleton lies in the 


; it is marked o 
Cardiac surface by th B ithe ‘outes 


Muscles of the atria. The muscles of the 
atria extend partly as an are from front to 
back B5, and partly diagonally across 
from one side of the atrium, to the other. 
At the exits of the great vessels B6, 
annular and looped muscle bundles, are 
formed, which follow the vessel orifices 
to the start of the pericardium. The mus- 
cle fibers are partly attached to the car- 
diac skeleton. 


Muscles of the ventricles. Like other hol- 
low organs, each ventricle is made up of 
an external layer of longitudinal fibers, a 
middle layer of circular and an internal 
layer of longitudinal fibers. The outer- 
most muscle fibers (muscle tracts) of the 
longitudinal layer together surround the 
two ventricles B7. The longitudinal fibers 
arise from the cardiac skeleton, mainly 
from the fibrous trigones. They run anti- 
clockwise in spirals toward the apex of 
the ventricle where individual fiber bun- 
dies enter the circular layer. Many muscle 
tracts go to the apex of the heart, where 
they form a whorl, the vortex of the heart, 
C. From this, as well as from the circular 
layer of fibers, some longitudinal fibers 
segregate and return clockwise in steep 
spirals to the cardiac skeleton. Among 
them are the trabeculae carneae and 
papillary muscles. The left ventricle and 
the outflow tracts of both chambers are 
surrounded by strong circular fibers. As 
seen in slow motion pictures, the inflow 
and outflow tracts contract one after the 
other. 


B6 Pulmonary veins, B8 superior vena 
cava, B9 inferior vena cava, A10 tricus- 
pid valve, A11 bicuspid valve. 










A Cardiac skeleton. 
Origin of heart valves 


B Heart muscle 


C Apex of heart, from below 





14 Circulatory System 


Cardiac Muscle 


A. van Leeuwenhoek, in 1692, was the first 
to describe the heart muscle as a lattice with 
slitlike interspaces. The lattice consists of 
Single striated muscle cells joined end-on to 
each other. Cardiac muscle tissue is a special 
form of striated muscle (see Skeletal Mus- 
cles, Vol. 1). The striations of heart muscle 
correspond on the whole to those of skeletal 
muscle. See A. 


Light-microscopic appearance. The oval, 
almost quadrangular cell nucleus B1 lies 
in the center of the muscle cell, The cell 
boundaries between neighboring cells are 
short lines, the intercalated disks B2. 
Connective tissue surrounds the muscle 
cell. Under higher magnification the 
striations can be seen, even in unstained 
Preparations. They are mainly bound up 
with the 0.5-1 wm thick myofibrils (mus- 
cle fibrils), which have been drawn great- 
ly magnified in B, (right), the contractile 
elements of the muscle. We distinguish 
the light I-band (I = isotropic band) and 
dark A-band (A = anisotropic band). 
Within the I-band is the Z-band inter- 
mediate disk) which traverses the muscle 
cell, and within the A-band there is the 
-zone (bright, Hensen zone) crossed by 
: fine dark M-line (middle line). The 
ands form a regular repeating pattern of 
eae intervals extending from one Z- 
oa to the next. Each interval is about 
um long and is called a sarcomere. 


Etectron-microscopic appearance. Each 
ae (muscle fibril) C3 consists of 
fe e filaments — approximately 12nm 
ic myosin filaments CD4, and 6nm 
is ck actin filaments CD5, The myosin 
eee lie exactly side by side and form 

€ A-band, the actin filaments make up 


€ actin 


course of the filaments. At the crest of 
each fold the actin filaments of ncighbor- 
ing sarcomeres join in such a way that 
each actin filament of one sarcomere is 
connected with several filaments of the 
next sarcomere CD10. These bonds and 
the pleats in the plasmalemma form the 
Z-line in B. The plasmalemmas of adja- 
cent muscle cells form cell contacts C11, 
amongst which there are regular gap 
junctions (nexus) C12, which serve to 
spread excitatory stimuli. Together with 
the attachment of the actin filaments, 
they form the intercalated disks, the light 
bands in B. Myofibrils do not cross the 
intercellular space. 


C13 glycogen, C14 mitochondrion, C15 
smooth endoplasmic reticulum. 


Muscle contraction. During isotonic con- 
traction (shortening of a muscle while its 
tone remains unchanged), which is initiated 
by ATP (adenosine triphosphate), the actin 
filaments CD5 slide deeper between the 
myosin fibrils CD 4. This causes the H-band 
to disappear, the I-bands grows extremely 
fine and the A-band becomes approximated 
to the Z-band CD10, see D. In extreme 
contraction the actin filaments may overlap 
or even fold over each other to form a 
contraction band within the H-band (Hux- 
fey’s sliding model). During this process 
ATP is reduced to ADP (adenosine diphos- 
phate). 











TS 
. BS 
eS 
. = 
me By ete 
fe Te # meres 
Teh 8 Nero 
16 ssa £ eZ 
Roe Sa eso 
Begs ZS =a 
aly IS: : 
. "<: : 
é Ss Si : ® 
Ai y Sn SS: -, 
1 me 
fa ara. 
j Sy Jey FF i : 
: Pee) | Ot aM 
z, ' 1 









SISter 
Ein, . 
-. = ‘fA 
set Tene ticreieggred Enews nt ay 
SS i 
S tt Ay 4 
eae Prd 





Le is 
BAS 3S! 
B Af i, 
* US 
= Ls) 
LES) Aas 
et Ad Shs zi 
: Sh eESY 
/ AME 
B/ Wat & 
F ¥ + a | — 
‘Zz ee ij — 
this = ak 
st Dit 5 
Fil } Ww 
ae BG 


* 





A Heart muscle, seen through 
magnifying glass (after van 
Leeuwenhoek 1694) 
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sin filaments 


16 Circulatory System 


Action of the Heart 


The ventricles pump the blood rhythmi- 
cally into the aorta and pulmonary trunk. 
As they act synchronously and in a com- 
parable manner, examination of one half 
of the heart in AB provides us with 
information about the functioning of the 
heart. The heart functions continuously 
during life in a repetitive, two-phase car- 
diac cycle: the blood-filled ventricle is 
emptied by contraction (systole), after 
which it becomes filled again during rela- 
xation (diastole). 


Heart cycle. Systole: At the beginning of 
systole contraction of the cardiac muscle 
causes a Steep rise in pressure inside the 
chamber. The atrioventricular and aortic 
valves close while the volume of the 
chamber remains unchanged 
(isovolumetric contraction = contraction 
time). When the intraventricular pressure 
equals the blood pressure in the aorta, 
the aortic valve Opens and the blood 
pressure rises further (in the aorta to 
about 120 mmHg, inthe pulmonary trunk 
to about 20 mmHg). The muscles of the 
ventricle contract. the volume of the ven- 
tricle diminishes B1 and about 70 ml of 
blood, the cardiac ouput, is ejected into 
the aorta B2, As a result, the intraven- 
tricular pressure falls below that of the 
aorta and the aortic valve closes. The 
chamber acts as a pressure pump. 


a Relaxation of the heart muscle 
ollows, while Initially the atrioventricu- 
lar valve remains closed. The volume of 


the ventricular Cavity remains unchanged 
(isovolumetric relaxation = 


= relaxation 
ume) and the residual content of the 


Contraction time 
Systole 


Output ti 
Cacdias Cycle Put time 


Relaxation time 
Diastole 


Filling time 


chamber stays at about 70 ml of blood, the 
residual volume. As soon as the intraven- 
tricular pressure drops below the blood 
pressure in the atrium, the atrioventricu- 
lar valve opens. Blood now flows from 
the atrium into the ventricle Al = filling 
time. The forces active in this process are 
the suction effect of the relaxation of the 
elastic chamber wall and systole of the 
atrium. The latter starts towards the end 
of the filling time and ceases as ventricu- 
lar systole begins, see AB3, C. 


Valve plane. During output time the di- 
rection of the valve changes toward the 
apex of the heart B4, and during filling 
time it returns again towards the base of 
the heart A4. The displacementof the 
valve plane contributes to enlargement of 
the atrium B3. It has a suction effect on 
the venous blood in the caval veins and 
together with other factors accelerates 
the venous return to the heart. During 
this phase the heart acts as a suction 
pump. 

Timing. For the time taken by systole and 
diastole of the atrium and ventricle dur- 
ing a cardiac cycle, at a pulse rate of 75/ 
min, see diagram C. The 8 segments of 
the circle correspond to a duration of 
0.8s. 


Cross-section through the right E5 and 
left E6 ventricle in systole; D5, 6 in 
diastole. DE7 is the anterior interven- 
tricular sulcus (groove). 


Atrioventricular Aortic 
Valve Valve 
closed closed 
closed open 

closed closed 
open closed 
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A Diastole (schematic) 


C Atrioventricular systole 
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18 Circulatory System 


Intrinsic Impulse-Conducting 
System and Cardiac Nerves 


The stimuli which result in systole, i. e., 
contraction of the cardiac muscle, origi- 
nate in the heart itself — automatism of the 
heart. The heart contains a specialized 
muscle tissue, the impulse-conducting 
system, which spontaneously generates 
thythmical local impulses and which con- 
ducts them to stimulate the rest of the 
heart muscle to contract. 


Sinus node, sinuatrial node Al (Keith- 
Flack node) (the pacemaker) is a network 
of muscle cells, in all about 2.5cm long 
and 0.2cm wide. It lies at the anterior 
margin of the orifice of the superior vena 
Cava and radiates into the working muscle 
of the right atrium, from which the im- 
pulse reaches the atrioventricular node 
A2 (Aschoff-Tawara node), situated in 
the right atrium near the orifice of the 
coronary sinus. The atrioventricular 
node continues into the trunk of the 
bundle of His (truncus fasciculi atrioven- 
tricularis) which pierces the cardiac skele- 
ton (see p. 12). At the upper margin of 
the muscular part of the interventricular 


‘Septum the trunk divides into two 


branches. These run along each side of 
the septum beneath the endocardium to 
the base of the papillaris muscles. The left 
ris A3 fans out A4, the right branch 
oe mainly across the moderator 
a ‘ae P. 8) to the papillaris anterior 

Sscle A6. The terminal fibers of the 


bundles of His - ae 
; » Called Purkinje fj 
merge with the cardiac Sikecie mes 


Impulses can origi 
ginate from any part of 
the impulse-conducting igen. The 


mpulse frequency of the 


Is, however, 

atrioventricula 
AV rhythm), 
(about 45~25) 





The electrocardiogram (ECG) is a recording 
of potential changes in the electrical field of 
the heart. Blocking the sinus node or bundle 
of His makes the subsequent ventricular 
rhythm slower. 


Microscopic structure. The specialized 
cardiac muscle cells B5, which make up 
the impulse-conducting system, have a 
greater diameter than the cells of the 
active muscles B7, and they contain more 
fluid and fewer fibrils. They are also able 
to generate energy by anaerobic metabo- 
lism. B8 Endocardium. 


Cardiac nerves. The nerves to the heart 
serve to adapt the automatic activity of 
the heart to the requirements of the body 
(see Vol. 3). Excitation of the cardiac 
branches of sympathetic nerves increases 
stroke volume, the speed of conduction 
of stimuli, cardiac excitability and pulse 
frequency. The cardiac branches of the 
vagus nerve (parasympathetic) have the 
opposite effect. 


Both these nervous pathways also contain 
afferent (sensory) fibers along which, 
among other messages, pass, e.g., pain 
stimuli (angina pectoris) via the sympathetic 
system, and stimuli from dilatation recep- 
tors via the parasympathetic system. The 
efferent sympathetic nerves contain mainly 
postganglionic neurons, the parasympathet- 
ic (vagus) nerve branches mainly pregan- 
glionic ones. The postganglionic nerve cells, 
red dots in C, lie partly in the walls of the 
atria beneath the epicardium, and their 
nerve fibers run to the impulse-conducting 
system. 


Endocrine cardiac function. The atria, 
which are sensitive to dilatation, contain 
endocrine heart-muscle cells that form car- 
diodilatin, a natriuretic peptide hormone, in 
secretion granules, Cardiodilatin serves to 
control blood pressure and volume, as it acts 
on vascular muscle as a relaxant and stimu- 
lates sodium excretion. The corresponding 
stimulus that releases this hormone is atrial 
dilatation. The hormone has also been 
shown to be present as a neuropeptide in the 
hypothalamus and in the gonadotropic cells 
of the adenohypophysis, as well as in the 
adrenal glands. 
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20 Circulatory System 


Coronary Vessels 


About 5—10% of the total volume of 
each beat is required solely for supply to 
the heart muscle. The blood vessels 
which supply the myocardium, the coro- 
nary vessels, form a partial circuit of the 
systemic circulation, the “vasa privata™ of 
the heart in contrast to the “vasa publica” 
of the systemic circulation. 


Coronary arteries. The right and left 
coronary arteries (arteria coronaria dex- 
tra et sinistra) arise in the depths of the 
right and left pouches of the aortic valve 
A1, from a bulge in the aortic wall, the 
aortic sinus (sinus aortac). They sur- 
round the heart in the coronary groove on 
each side of its lower surface. After a 
short course the left coronary artery A2 
divides into an anterior ventricular branch 
A3, which runs in the anterior interven- 
tricular sulcus, and a circumflex branch 
A6 which runs in the coronary sulcus. 
The right coronary artery A4 ends in its 
posterior interventricular branch AS5 
Which runs in the posterior interventricu- 
lar sulcus. The vessels enter the myocar- 
dium from the outside. Anastomoses be- 
tween the arteries (interarterial connec- 
tions) are inadequate to form a collateral 
circulation in case of occlusion of an 
artery and as a consequence “death” of 
part of the heart (cardiac infarct) results. 


Cardiac veins. Most of the v 


eins in the 
heart w 


t wall also pass to the surface of the 
cardiac muscle — the great cardiac vein 
A6, the posterior vein of the left ventricle, 
the middle cardiac vein and A7 the small 
cardiac vein. They run toward the coro- 
nary sinus A8 in the left atrioventricular 
groove at the back. The coronary sinus 
ends in the right atrium. Smaller veins 


run directly from the cardiac wall into the 
right atrium. 


Variants of the coronary arteries: The 
formation and distribution of the coro- 
nary arteries varies. 

Formation: 
tional branches arise fro 
less than 1% of 
by one corona 


In about 38% of cases addi- 
m the aorta. In 
Cases the heart is supplied 
ry artery from the aorta. 





One or both coronary arteries arise from 
the pulmonary trunk in 1% of cases, and 
in the latter case life is not possible. 


Distribution of coronary artery blood. 
Three transverse sections through both 
ventricles show the difference in the areas 
supplied by the right (red) and left (white) 
coronary arteries: B balanced type, C 
preponderance of the left, D preponder- 
ance of the right coronary artery. 


Mechanism of blood flow in the myocar- 
dium. Blood flow through the coronary ar- 
teries is influenced by myocardial compres- 
sion in systole and by pulsatile variations. 
The blood supply to the myocardium is 
diminished during the ventricular systole 
and increased during ventricular diastole. 
During systole the coronary veins are com- 
pressed. A falling oxygen tension in heart 
muscle plays a decisive role as a chemical 
factor in adaptation of the blood flow to an 
increased workload on the heart. 


Clinical Tips. If the branches of the coronary 
arteries are narrowed, e.g., by athero- 
sclerosis, inadequate amounts of oxygen are 
supplied to the affected part of the heart 
muscle and it will die (cardiac infarct). In 
much rarer instances occlusion of the vessel 
may be due to a blood clot or embolus. For 
hemodynamic reasons such an embolus 
must originate somewhere between the pul- 
monary circulation and the capillary bed of 
the coronary vessels, usually it comes from 
inflamed endocardium or a damaged heart 
valve. 

Lymph vessels carry lymph from the en- 
docardium, myocardium and epicardium 


to lymph nodes at the bifurcation of the 
trachea (see p. 80). 
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A Coronary vessels 





Variability of areas supplied by 
coronary arteries (after Tondury) 
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Serous Cavities 


Viscera which undergo marked changes 
in size and/or position in relation to neigh- 
boring organs, the heart, lungs, the major 
part of the gastrointestinal tract etc., lie 
in serous cavities: the pericardial, pleu- 
ral, and peritoneal cavities. 


A serous cavity is a capillary cavity closed on 
all sides. It is covered by a shiny, smooth 
serous layer, the “serosa,” and contains a 
small amount of serous fluid. The serous 
membrane covers the organs with the visce- 
ral serosa and the wall of the serous Cavity 
with the parietal serosa. The two layers 


merge at reflections, €.g., at the pedicle of 
an Organ. 


Clinical Tips. A Pathological increase in the 
volume of serous fluid constitutes an effu- 
sion of exudate. It may eventually be fol- 


lowed by fusion of the two layers of serosa if 
they form adhesions. 


Pericardium 


The epicardium A1 is the visceral layer 
(pericardium Serosum, lamina visceralis). 


sels and the permanent fat on the surface 
of the heart, 
behind and. over the base of the heart, 


heart on the 


TOW B7. The epicardial reflections which 


cover the veins form 
Pericardial sinus, arrow B8, 





teract any overstretching of the myocar- 
dium. However, perforating injuries of 
the heart will result in cardiac tam- 
ponade, i. e., blood which flows into the 
pericardium will compress the heart. At 
the anterior edge of the diaphragmatic 
surface and around the inferior vena cava 
the pericardium fuses with the central 
fibrous tendon of the diaphragm. Fiber 
strands from the pericardium accompany 
the great vessels and participate in the 
stabilization of the base of the heart in the 
venous cross (broad black arrows in B), 
trachea and diaphragm. 


Pleuropericardial membrane is a term 
often used for the tissue layer consisting 
of the pericardium and mediastinal pleu- 
ra. The pericardium is covered on both 
sides by the parietal pleura (see p. 138) of 
which a remnant is preserved in A10. 
Between the two parietal serous mem- 
branes, pericardium and pleura, run the 
mainly motor (efferent) phrenic nerve 
All, the pericardiophrenic artery and 
vein to the diaphragm A 12; on the right 
along the superior vena cava A4 and the 
right atrium, and on the left behind the 
lateral margin of the left ventricle. The 
nerve and vessels supply the pericardium, 
amongst other structures. A113 
Brachiocephalic vein; Ald 
brachiocephalic trunk; A 15 vagus nerve. 


Venous cross. The great veins stabilize 
the base of the heart by a cruciform 
anchorage in the body (B broad black 
arrows, C). The superior vena cava AB4 
is anchored in the fascia of the neck, base 
of the skull and arms, the inferior vena 
cava BS in the liver and the pulmonary 
veins B6, 16 in the elastic lungs. 
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A Pericardium and 
heart between 
pleural cavities 
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C ‘Venous cross"’ 
(after Benninghoff) 





B Anchorage of pericardium and great 
vessels at base of heart 
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Position of the Heart | 


Cardiac borders. The cardiac borders 
vary even in healthy individuals, depend- 
ing on age, posture, pregnancy, etc.; the 
following data are average values. 


mediastinal pleura (parietal pleura) and 
below by the diaphragm. The medias- 
tinum is divided into the upper and lower 
mediastinum, and the latter is divided 
into the posterior, middle and anterior 
mediastinum. 

The cardiac outline can be projected on 
the anterior surface of the trunk in the 
following manner (see radiograph, p. 
28): the right border extends from the 
sternal junction of the 3rd rib to the 
junction of the 6th rib parallel to the right 
sternal margin and about 2cm from it. 
The left border lies approximately along a 
Straight line extending from a point 2cm 
to the left of the sternal junction of the 
3rd rib to a point in the Sth left intercostal 
space, 2cm inside the mid-clavicular line 
A1. The apex of the heart in the adult lies 
at this point, but that of a child lies one 
interspace higher, as can be shown by the 
palpable lifting of the apex against the 
chest wall in systole. The interpleural 
space (recessus costomediastinalis) A2 is 
interpolated on both sides in front of the 
pericardium. The lungs extend into it, 
more during inspiration than expiration, 
and cover the lateral parts of the heart. 
From the sternal junction of the 4th rib 
downward the left pleural margin leaves a 
lower triangular portion of the pericar- 
dium uncovered. Above the attachment 
of the third rib the pleura Separate toward 
the apices of the lungs and leave a 
Superior triangular retro-sternal zone un- 
covered, the “thymic triangle” in which 


lies the thymus and the thymus remnants 
Which cover the large vessels, 


The upper mediastinum extends from the 
superior thoracic outlet to a horizontal 
plane above the heart. The posterior, 
middle and anterior mediastina lie below 
this plane. The upper mediastinum con- 
tains nerve trunks entering and leaving 
the posterior mediastinum. It also con- 
tains a discrete organ, the thymus. 


The posterior mediastinum extends be- 
tween the thoracic vertebral spine and 
the posterior pericardium. Axially it con- 
tains large nerve trunks and tubular or- 
gans, which generally pass straight 
through it. 


The esophagus B8 passes through the 
posterior mediastinum with the vagal 
trunks, which lie in front of and behind it. 
Descending aorta B9, thoracic duct B 10, 
azygos vein B11 and hemiazygous vein 
B12. The sympathetic trunk B13 lies 
lateral to the vertebral column, in front of 
the heads of the ribs. 


The border B14 between the posterior 
and middle mediastinum lies in the fron- 
tal plane anterior to the bifurcation of the 
trachea, approximately at the level of the 
hilum of the lung B15. 


The middle mediastinum contains the 
heart in its pericardial sac. The mediasti- 
nal pleura B16 lies over the pericardium, 
and between the two on both sides run 
the phrenic nerve and the pericardiaco- 
phrenic artery and vein B17. 


Right lung: AB3 lower lob 
; e, AB4 middl 
se : ao : upper ae Left lung: AB3 lower 
. upper lobe, i 
matic recess A7 liver. oe ema hee: 


Mediastinum. 


The anterior mediastinum is the cleft- 
shaped connective tissue space in front of 
the heart, between the pericardium and 
the chest wall. 


B18 Projection of the entire width of the 
heart, which is covered laterally by the 
lungs (see Area of relative cardiac dull- 
ness, p. 26); B19 projection of the chest 
wall of the cardiac area not covered by 


the lungs (see Area of absolute cardiac 
dullness, p. 26). 
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A Projection of borders of heart, 
pleura and lungs on thorax 





B Horizontal section through thorax 
at level of 8th thoracic vertebra 
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Position of the Heart II 
Auscultation and Percussion 


Percussion is tapping of the body surface so 
that conclusions can be drawn about the 
condition of underlying parts from variation 
in the sounds produced. Percussion is usual- 
ly carried out with one finger, with or with- 
out putting a finger of the other hand under- 
neath the percussing finger. The sound is 
judged by its force, pitch, duration and tonal 
nature (tympany). Dullness, i. e., a dull 
sound resembling that produced by percus- 
sing the thigh, is represented bya soft, high 
pitched sound. A resonant sound, like that 
found over the lungs, similar to that pro- 
duced by percussing an air filled cushion, is 


represented by a loud, deep and prolonged 
sound. 


Percussion. Absolute and relative areas 
of cardiac dullness. In part, the heart lies 
immediately behind the anterior chest 
wall, and percussion of this region reveals 
the area of “absolute” cardiac dullness 
A1. On both sides the interpleural space 
extends in front of the pericardium. It is 
this space, the costomediastinal recess, 
into which the lung enters more during 
inspiration than expiration, that conceals 
the lateral parts of the heart. They can 
Only be made audible as cardiac dullness 
by forceful percussion which penetrates 
the margins of the lungs: area of “rela- 
tive” cardiac dullness, A2. The area of 
relative dullness represents the true size 
of the heart and corresponds to the 
shadow of the heart in a radiograph. The 
area of “absolute” dullness merges below 


into the zone of dullness over the liver 
A3. 


Auscultation js listening for sounds in the 
body. It is performed either with a stetho- 
Scope or with the ear alone. Auscultation of 
the heart mainly gives information about 
valvular defects. In auscultation of the lungs 
We distinguish vesicular breathing, bron- 
chial breathing, and various adventitious 
sounds, such as rattles, friction noises, crepi- 
tations, Cracking and ringing sounds, etc. 

Auscultation, The hea 
ly in a line whic 
Sternal junction of 
to the sternal junc 
the right (see Val 


It valves lie rough- 
h stretches from the 
the 3rd rib on the left 
tion of the 6th rib on 
ve plane, p. 16). The 


sounds which individual valves produce 
when they close are best heard over the 
point where the blood flow through the 
valve lies closest to the chest wall. The 
position of auscultation sites is therefore 
not identical with the points in the chest 
wall towards which the heart valves pro- 
ject. 


Sites of auscultation: Aortic valve in the 
right second intercostal space B 4; pulmo- 
nary valve parasternally over the left 2nd 
intercostal space B5; tricuspid valve over 
the sternal junction of the right Sth rib 
B6; bicuspid (mitral valve) over the left 
Sth intercostal space inside the mid- 
clavicular line (apex of the heart) B7. 


Heart sounds. We distinguish two heart 
sounds, which are rather like the syllables 
“lubb-dubb.” The first heart sound, 
which is produced by vibrations of the 
walls during contraction of the myocar- 
dium, also contains the sound of the 
atrioventricular —_ valves. Pathologic 
sounds (murmurs) are caused either by 
Stenosis (hissing noise) or by insufficiency 
(pouring noise) of the atrioventricular 
valves. They can be heard in the first 
heart sound at the appropriate site of 
auscultation. The second he 


( sound at the 
Corresponding auscultation Sites. 
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A Areas of relative and absolute 
dullness 


B Projection of heart valves (after Knese) 
and their auscultation sites on the an- 
terior thorax 
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Radiology of the Heart 


Radiological examination of the heart sup- 
plements other diagnostic methods. By put- 
ting the patient into different positions in 
relation to the radiation source behind a 
fluorescent screen or a film Cassette, the 
individual parts of the heart can be ex- 
amined in rotation as they are outlined at the 
border of the heart. Fluoroscopy shows the 
pulsations of the various parts of the heart 
and radiographs permit exact measurement 
of the cardiac silhouette. The position of 
neighboring organs (esophagus, Pp. 206) can 
also provide information about the shape or 
size of the heart. 


Posteroanterior position. With the X- 
rays directed Sagitally, the patient stands 
with his chest against the screen. In this 
Position the major part of the heart lies 
within the midline shadow cast by the 
mediastinum, vertebral column, ster- 
num, thymus, ete. On both Sides are the 
bright (transparent) “lung fields,” into 
Which the Tight and left borders of the 
heart can be seen to project. The outline 
of the right heart border consists of two 
curves, and the left of four. 


third, Which is oft 


© lower curve j 
ventricle A6, Ww 


T position. The patient re- 


Ontal position but with h: 
back to the Screen. The findin ‘ae 
In A but reversed, 


8s B are as 


First oblique position (ri tht oblique 
view). The patient stands at 45° to the 
film with the right shoulder pointing for- 
ward (“fencing position”). The pulmo- 
nary trunk and ascending aorta have 
shifted toward the left border. The 
mediastinum appears as a transparent 
space between the superior vena cava 
(right of center) and the descending aorta 
(right border), Holzknecht’s space C8, 


Second oblique position (left oblique 
view). The patient stands rotated by 45°, 
with the left shoulder forward (“boxing 
position”). The left ventricle (basal por- 
tion) has been moved toward the left 
border and the right ventricle to the right 
border, the Only position in which it is 
directly visible for some distance. Be- 
tween the aortic arch and left pulmonary 
artery there appears a transparent part of 
the mediastinum, the “aortic window” 


“Laterolateral” position. The patient 
standes rotated by 90° with either his left 
Or right side toward the screen. In the left 
lateral position the right ventricle and 
pulmonary trunk appear on the border of 
the right heart and the other border is 
mainly formed by the left atrium. The 
descending aorta lies on the far left of the 
view, Holzknecht’s space E10 is con- 


spicuous between the heart and descend- 
Ing aorta. 
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A Radiograph of heart. 





C 1st oblique view 


Posteroanterior 
position 
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D 2nd oblique view 
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B Anteroposterior 
position 





E Laterolateral 
position 
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Measurements of the Heart; 
Alterations in its Shape and Size 


Analteration in the size or shape of the heart 
is often a definite sign of cardiac disease. It is 
usually measured in a frontal radiograph. If 
the X-ray tube is very close to the heart, the 
image of the heart becomes highly enlarged 
(“distorted”), Teleradiography of the heart 
at 2m focus-film distance diminishes distor- 
tion, as by this method the heart is only 
magnified by about 5%. The “radiographic 
image of the heart” usually includes the 
£rcat vessels: it is a “cardiovascular radio- 


gram.” The measurements usually made 
are: 


Transverse diameter = the greatest width 
right Al + the greatest width left A2, as 


measured from the midline of the thorax 
(chest) A3. 


Longitudinal diameter A4 = the distance 
from the indentation in the cardiac out- 


line on the right (the border between the 
upper and lower curves) to the apex, 


Width of the heart at its base A5 = the 


largest diameter of the heart measured 
Perpendicular to the 


longitudinal 
diameter. 

Length of the aorta A6 = the distance 
from the indentation in the right border 
of the h 


Cart to the top of the aortic arch. 
Angle of inclination = 
the longitudinal diam 
zontal line, 


the angle between 
eter and the hori- 


The normal Shape of the he 
many reasons. Constituti 
connected with differen 


art varies for 
onal variants are 


ces in physique, 


in someone of average build (after Schinz 
etal.). 


Pathologic alterations in the outline of 
the heart are essentially due to three 
causes: 1. Enlargement (hypertrophy) of 
the ventricular myocardium occurs if it 
has to do increased work because of a 
defect (stenosis or insufficiency) in the 
succeeding arterial (semilunar) valve(s). 
Hypertrophy of the left ventricle in cases 
of defects of the aortic valve results in 
enlargement of the left side of the heart 
with the characteristic “boot” shape F. In 
this condition the elasticity of the aorta is 
often diminished and the aortic arch be- 
comes clongated, for example as in old 
age, so the aortic arch juts out as an aortic 
knob. Hypertrophy of the right ventricle 
in mitral valve defects results in right 
sided enlargement G. The valvular defect 
Causes congestion and backflow in the 
pulmonary circulation, which is rein- 
forced, by the hypertrophied right ventri- 
cle; the patient suffers from dyspnea 
(“cardiac asthma”). 2. Dilatation of the 
heart in myocardial insufficiency leads to 
broadening of its shape to approximate a 
round outline. 3. An effusion or exudate 
in the pericardium results in enlargement 
of the cardia shadow H. As the pericar- 
dium extends right up to the great vessels, 
the curves of the heart border disappear 


and the heart assumes a more triangular 
shape. 
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Cardiac silhouette in radiographs 






A Measurements 
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: ins 
Variability depending on physique (after Schinz) 


E Variability depending on respiration 
black: middle position 
blue: maximal inspiration 
red: maximal expiration 
Abnormal heart shapes 
P ; | 
H Pericardial 
G Enlargement of : 
right ventricle effusion 





F Enlargement of 
left ventricle 
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Blood Vessels 


Transport functions of the blood. The CO, 
saturation of the blood in all the pulmonary 
arteries is approximately the same. How- 
ever, in the many individual circuits of the 
Systemic circulation the composition and 
amount of blood flow differ, see B. 


Differences in the composition of the blood: 
Hormones may be relatively concentrated in 


glands, there may be an excess or energy- 
rich metabolites in intestinal venous blood, 


ance, 


titia. They differ most noticeably in the 


long axis of the vessel C1, surrounded by 
scanty connective tissue. The intima of 


ape tctles Bs in addition a fenestrated 
membrane, the in : 
ie or fernal elastic 


The endothelial cells 
are joined to each 


udentes, tight junc- 
). In individy 
» these eo 


barrier, blood—retina ‘arrier, blooa— 
thymus barrier, blood—testis barrier). 


The media C3 has an essential hemody- 
namic function. It consists of spiral and 
circular smooth muscle cells and a net- 
work of elastic fibers. 


The adventitia C4 connects the vessel 
with its surrounding tissue. It contains 
longitudinally arranged cells and a scis- 
sor-shaped fiber lattice. Arteries also 
have a weaker elastic membrane at the 


border with the media, the external elastic 
membrane C5, 


The inner third of the wall of a major 
blood vessel obtains its nutrition directly 
from the blood flowing through the ves- 
sel. The outer layers of the wall are 
supplied by the vasa vasorum (blood ves- 
sels to the walls of the vessel itself) which 
enter the wall from its surroundings. The 
vessel wall is innervated by the auto- 
nomic nervous system; the principal non- 
medullated nerve fibers lie in the adven- 
titia. 

The hemodynamic situation within the 
Systemic circulation differs in the various 
sections, see D. In the arteries near the 
heart the blood pressure is high, but 
fluctuates due to the discontinuous 
(rhythmical) ejection of blood from the 
heart. In the smaller arteries, which are 
further away from the heart, the differ- 
ence between systolic and diastolic blood 
Pressure is less. The flow of blood is 
determined by a pressure gradient that 
extends all the way from the aorta to the 
venae cavae. These differences in 
pressure are due to degrees of resistance 


‘to flow in the vascular system, which 


depend in part on the lengths and widths 
of the various vessels (see Physiology). 
Depending on the part of the body andon 
Posture, gravity may enhance or restrict 
the return to the heart of the blood in the 
large veins. Finally, the negative in- 
trathoracic pressure influences blood 
flow through the great veins near the 
heart, see p. 144. The structure of the 
walls in the various parts of the vascular 
system reflect these hemodynamic fac- 


tors. For the autonomic innervation of 
vessel walls, see Vol. 3. 
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A Outline of right heart | left heart 
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B Proportion of 
Cardiac output 
supplied to various 
organs (after 
Wetterer) 









~ large arteries 
---= small arteries 
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D Blood pressure in various parts of 
systemic circulation 


C Layers of arterial wall 
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F The venules are postcapi.lary veins. 
iuaae pes alser Blons Their walls contain irregularly distri- 
essels 


buted muscle cells which can regulate the 
A The aorta and large (great) arteries lumen of the vessels. In some organs 
near the heart are elastic in type and have venules form lacunae (sinuses) for storing 
three well-defined layers with a thick in- blood, so-called “sinusoidal veins. 
ternal elastic lamina. The media consists 


i ‘eins. elr 
mainly of a thick network of elastic fibers_G The 7 age Lae ne aloe Rote 
| (fenestrated membranes). During fixa- walls consist of endo i so threr neato 
tion for histologic examination the non- _ layer of spirally arrange = distinct 
clastic tissues shrink more than the elastic con a gic aa 
-  three-lay 
See, He ties — median sized veins have numerous val- 
Sire ves. Venous valves are semilunar pockets | 
Al Endothelium, A2 internal elastic consisting of folds of the intima. either 
membrane, A3 media with fenestrated single or one opposite the other, which 
elastic membranes, A4 external elastic open in the direction of the heart. They 
membranes, AS adventitia. are absent from the superior and inferior 
Pheral arteries are mys- yeaa: Cava and the veins of ed ai 
With increasing distance circulation, kidneys and vu _— : 
from the heart, the elastic fibernetworks Walled veins can accommo ge hod 
in the media decrease and the smooth mounts of blood, even os ‘ oe 
muscle cells increase. pressure of 15—0 mmHg which is chara 


teristic of the venous limb of the systemic 
heral arteries have a similar Circulation. 


lumen of individual vessels yy Large peripheral veins have the same 

Pidly with Progressive divi- Structure as smaller ones. H6 CrOss-sec- 
tion of a venous valve. 

D The arteriole 

of 


2040 ‘a ig - Inferior vena cava. The structure of its 
4, Um diameter. Their media is Wall is essentially the same as that of the 
gular, circular layers of 





aN 6 
%K 


B The large peri 
cular in type, 


C Small perip 
Structure. The 
diminishes ra 
sion. 





5 smaller veins. The longitudinal muscle 
smooth Muscle cells ( precapillary Strands in the media are arranged in small 
Sphincter ). bittidles 
From the small arteries to the end of the The structure of vein walls varies more than 
arterioles the mean blood Pressure falls from 
about 80mmH 


that of arteries, and this is true especially of 
blood A i § to about 30 mmHg, and the the inferior vena Cava, portal and suprarenal 
ae Ow velocity decreases from 10cm/s to veins and the pampiniform plexus. 
: S. 
E Capillaries serve thee 


In the large veins (e.g., the inferior vena 
xchange of gases 
and substances b 


cava), the intima is well-developed due to 
Ctween blood and the subendothelial connective tissue. The 
Ussues, They Originate from a further media, by contrast, 
division of arterioles, fo 


is thin, and compared 
as little muscle tissue. 
d elastic networks are 
dventitia is the thickest 
eins, with strong longitu- 
mooth muscle. 


Fmnetworksand, With the arteries h 
irdiameter varies Collagen fibers an 
m. developed. The a 

layer in the large v 
a Of the vessels inal elements of s 





yers in e wallS O 16) ' : i 
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Arteries 


The aorta and great arteries (near the 
heart) are directly affected by the discon- 
tinuous, pulsatile ejection of blood 
(stroke volume) from the heart. Part of 
the cardiac output is at first retained in 
the aorta during systole A and the elastic 
fibers in the wall become distended. Dur- 
ing diastole B they release the stored 
energy into the blood and the artery 
acting as a “hydraulic reservoir” forces 
the blood toward the periphery. The 
blood pressure fluctuates between 
120mmHg systolic and 80mmHg dia- 
Stolic blood pressure (blood pressure am- 
plitude or pulse pressure 40 mmHg). The 
pulse wave begins here and runs along the 
aorta at a velocity of 4 m/s, depending 
mainly on the Clasticity of its wall and the 
diameter of the vessel. With d 
elasticity of the vessel wall the 
the pulse wave (blood flow) inc 
reaches about 10 m/s in the leg. 


ecreasing 
speed of 
reases: it 


The elastic-muscular 
The smooth musc 


a ries of muscular type 


é can influence ‘the 
Peripheral Circulation and the blood 
Pressure if their Jum 


en changes (“re ula- 
110n of peripheral resistance”). D Dilated. 


elastic 


S distended. If the vessel is 


cut the distended internal membrane 
contracts and pulls the open end of the 
vessel wall into the lumen, thereby clos- 
ing the opening temporarily. This 
mechanical closure may be followed by 


thrombotic occlusion. i. e.. by a blood 
clot. 


With advancing age the elasticity of clas- 
tic fibers in all organs diminishes and in 
connection with the rigidity produced in 
the arterial walls (arteriosclerotic change 
of the intima enhances this effect) the 
systolic blood pressure rises and the pulse 
pressure is increased. As a result vessels 
become progressively and irreversibly di- 
lated as the elasticity of their wall is lost. 
Arteries also become elongated with age 
and this can be seen as undulation of the 
vessels, e.g., of the temporal arteries. 
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C Elastic fibers and smooth a ce 
(‘tension muscles’) networ 
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Elastic fibers of 
arterial wall 


Hydraulic reservoir 





Dilatation and con- 
traction of arterial 
wall (histologic 
fixation) 


iT 


F Closure of artery after vessel has been cut 
(after Staubesand) 





38 Circulatory System 
Position of the Arteries in the 
Locomotor System 


As a rule arteries run along the flexor 
surface of the joints. Therefore, they are 


itha rubber bulb Cé6 ai 
hollow Of the cuff 





phenomena are observed and they serve as 
criteria for measuring the BP. 


Systolic BP: As soon as the pressure in 
the cuff has fallen below the systolic BP, 
the radial pulse C7 becomes just palpable 
(palpatory criterion) and with a stetho- 
scope C9 a murmur can be heard over the 
artery at the angle of the elbow (brachial 
artery). The murmur is caused by a vor- 
tex formed in the slitlike opening of the 
vessel (auscultatory criterion). At the 
same time the patient can feel the pound- 
ing of the pulse wave in the upper arm 
(subjective criterion). The amplitude of 
the pulse waves and thus the size of the 
manometric oscillations also start to in- 
crease (oscillometric criterion) at this 
Stage; see D and E. 


The pressure levels at which these criteria 
and those described below become appa- 
rent are read off the manometer as the 
systolic and diastolic BP, respectively. 


Diastolic BP: When the pressure in the 
cuff falls below the diastolic BP the mur- 
mur in the brachial artery and the pulsa- 
tion in the upper arm disappear, and the 


amplitude of the manometric oscillations 
decreases. 


C BP estimation 
(after Riva-Rocci) 
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Brachial artery on flexor side of joint 


A in extension, B in flexion 
(elbow joint) (after v. Hayek) 
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E Behavior of pulse during BP estimation 
(after Faller) 
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Capillaries 


The exchange of gases and substances 
between the blood and the tissues is 
facilitated by the large cross-sectional 
area of all the capillaries (which is about 
800 times that of the aorta) and by slow- 
ing down of the blood flow (to about 
0.3 mm/s as compared to 320 mm/s in the 
aorta). All organs have capillaries except 
for stratified Squamous epithelia, the 
comea and lens of the eye, and complete- 
ly differentiated cartilage, 


AB Capillaries often form three-dimen- 


sional networks (surface area about 
6000 m*) which ar 


arteries AB1. A 
A2 may, therefor 


Ong, and their 
blood, is about 
» Namely liver, 


» are characterized by havin 
Particularly wide sinusoidal capillaries. . 


ry wall consists of an en- 


and a basal mem- 
brane C4 visible under the electron mi- 


through the endot 


The degree of 


intercellular tr 
tween endothe ans 


lial cells depends ¢, eo 


Nds on Organ 


specific differences in tne tigthness of 
occluding intercellular contacts. 


In C different forms of endothelium with 
differing degrees of transcellular trans- 
port have been drawn schematically as 


segments of a cross-section through a 
capillary. 


I Endothelia without fenestration and 
with a continuous basal lamina in un- 
fenestrated continuous capillaries: C6 
transcytosis (muscle tissue, central ner- 
vous system, lungs, etc.). 


If Endothelia with intracellular fenestra- 
tion, with diaphragms C7 and a continu- 
ous basal membrane in fenestrated con- 
finuous capillaries (gastrointestinal tract, 
endocrine glands, choroid plexus, etc.). 


Ill Endothelia with pores C8 and inter- 
cellular gaps, where no basal lamina is 
formed, or it is only formed discontinu- 
ously, in fenestrated discontinuous 
sinusoid capillaries (liver, hematopoietic 
bone marrow, splenic sinus). 


D Transcytosis (cytopempsis) (vesicular 
transport). Larger molecules and particles 
D9 usually move first into the cell inferior 
D11 by invagination of the plamalemma 
D10 (= cell membrane). Then they pass 
through the endothelial cell in a vesicular 
fold of the plasmalemma. Finally, in the 
reverse procedure, the membrane surround- 
ing the vesicle js reincorporated into the 
plasmalemma and its contents are extruded 


through the plasmalemma on the opposite 
Side of the cell. 


Permeation. Small molecules, such as nu- 
trients and other building materials for cells, 
often permeate invisibly through endothe- 
lial cells D12, 
Prerequisites for transcytosis and permea- 
tion are usually membrane-bound recep- 
tors, specific enzymes and, for transport 
through fenestrated endothelia, an appro- 
priate surface charge on the luminal plasma 
membrane of the endothelial cell 
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B Capillary bed supplied by 


A Capillary bed supplied by end arteries 


anastomosing arteries 


9 10 11 


— 





D Material penetrating through 
endothelium: transcytosis 
and permeation 


i ic 
C Electron-microscop 
pictures of various types 
of endothelia 
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Veins 


Veins can take up large quantities of 
blood with only small changes in pressure 
(in the systemic circulation, on average 
four times more than the arteries). They 
are “capacity vessels.” The walls of the 
veins are usually thinner than those of 
arteries. They can be distended even by 
low internal pressure, the pressure from 
the surrounding tissue affecting this pro- 
cess. The flow resistance inside veins and 
the pressure gradient towards the heart 
are small. The most important force for 
transporting blood in the veins is the 
“muscle pump,” aided by the arteriove- 
nous coupling and respiration. 


“Muscle pump, 
£aps and space 
the walls of t 
Pressed by co 


” As they run through the 
Sin the locomotor system, 
he veins are readily com- 
ntracting muscles and their 
set blood is directed towards the 
eart means of | ) 
ABC. y Semilunar valves 


Respiration Th 
"© negative pressure in- 
Side the chest (see p. ; ° 


144) js transmitted 
to the venae cavae and so favors the 
return of blood to the 


heart. 
The Way in whic 


heart are built j; 
revents them from colla 
Ower regi 


are Connected to the ce 


Specialized Blood Vessel 
Formations 


Anastomoses are vascular connections. 


Collaterals are anastomoses which forma 
parallel route to the main pathway. 


Blocking arteries have longitudinal, mus- 
cle-like cells in the intima, which buckle 
the latter and make it protrude like a 
cushion (“cushion arteries”), and so block 
the lumen of the vessel. Blocking arteries 
can cut off direct blood flow to the capil- 
lary area that they supply, e. g., endocrine 
Organs, Corpora cavernosa of the geni- 
tals, uterus, umbilical cord and fingers. 


Throttle veins have strong, circular mus- 
cle strands with can throttle the blood 
flow from the capillary area behind them 


€.g., endocrine glands, nasal mucosa and 
genitalia. 


E Arteriovenous anastomoses form 
short-cuts in the precapillary part of the 
circulation. Two main types can be distin- 
guished. I Direct anastomoses: an ar- 
teriovenous bridge is formed by a vessel 
between an artery and a vein. It has a 
blocking mechanism similar to those of 
the blocking arteries. I] Multiple channel 
anastomoses are small organs (glomus 
organs) encapsulated in fibrous tissue, in 
which there is a closely packed network 
of one or several vessels. They may lie 
between an artery and a vein as III 
glomus anastomosis, or they may connect 
precapillary vessels TV. They are found in: 
the prominent ends (tips) of the limbs, 
the fingertips and the ball of the thumb, 
the tip of the coccyx, nose, the back of the 
tongue and the corpora cavernosa of the 
genitalia and of the nasal mucosa, and the 
cock’s comb and the rabbit's ear. 


A Rete mirabile is a capillary network on 
the arterial side of the main capillary 
area; arterial rete mirabile, e.g., the capil- 
laries in a renal glomerulus: or in the 
venous limb of a capillary area, venous 
rete mirabile, e.g., hepatic capillaries. 
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C Arteriovenous 
coupling 


E Diagram of various types of 
arteriovenous anastomoses and 
glomus organs (after Staubesand) 





D Stabilization of walls of great veins near heart (after Tandler) 





44 Circulatory System 
Lymph Vessels 


Fluid from the capillaries enters the tissues 
and organs as materials are exchanged 
between the blood Al and the tissue A2, 
This fluid flows mainly as lymph into the 


lymph vessel A3. The brain is an excep- 
tion. 


Lymph, Lymph differs from blood by its 
greater water content, lower protein con- 
tent and lack of blood cells, except for 
lymphocytes. It contains fibrinogen and 
is capable of clotting. Lymph coming 
from the intestines (chyle) after a meal 
Tich in fat is full of fat granules and has a 
turbid, milky appearance. 


The lymph vessels are channels A 4 which 
- They conduct the 


6 are interpolated 

filters (see p. 98). 
tes pass into t 

lymph Pp O the 


The lymph vessels Of the skin 


illaries, conducting 
Tansport vessels. 


Lymph ca illaries st 
de sac) A3, i hos blind saes (cul 


. ; ? no Crmane 
pening into the ; ‘ mt 


temporary 84ps do appear in t 
trated endothelium Pp he unfenes- 


| * ‘Ney allow the influ 
Of tissue fluiq and the entrance of —e 


Sith Obules ; ATE 


The resulting lymph movement is di- 
rected centrally by semilunar valves. 


Transport vessels. The next set of lymph 
vessels possesses a muscular media like a 
vein. They are composed of valvular seg- 
ments arranged in consecutive order. 
Each valvular segment consists of a semi- 
lunar valve B7 anda subsequent length of 
lymph vessel. The base of the semilunar 
pouches does not contain any muscle, IS 
Only slightly extensible and is constricted 
When the vessel is filled. Therefore, in 
radiographs, if the lymph vessels are 
filled with a contrast medium, they look 
like a string of beads C. The vessel wall is 
innervated by autonomic nerves. The 
lymph is transported by consecutive con- 
fractions of valve segments (10—12/min). 


B8 Cross-section through a semilunar 
valve: the margins of 2 pouches are cut 
transversely, B9 afferent lymph vessels 
to a lymph node B6, B10 hilum of the 
lymph node with efferent lymph and 
blood vessels, C11 lymphatics filled with 
contrast medium, C12 knee joint. 


Regional lymph nodes receive lymph di- 
rectly from an organ or from a region of 
the body. Lymph from an organ may be 
given up directly to several groups of 
lymph nodes, and the association be- 
tween regional lymph nodes and a par- 
ticular organ hardly ever varies. 


Collecting lymph nodes receive lymph 
from several regional lymph vessels. 








C Radiograph of lymph vessels of 


A Beginning of lymphatic capillary 


Lymph Vessels 45 





Ke 
itudinal 
Lymph node. Longitu 
. exicn through afferent 
lymph vessel. Cross- 
section of efferent lymph 
vessel 





ea 
« | 
s . 

1 
Bio 
ey Ps 

— Be 


leg which have been filled with 
contrast medium 





— 


‘Ment of the bra 


46 Circulatory System 


In the following pages the distribution of 
the most important vessels of the systemic 
circulation is discussed systematically. 
Their topographic location within the 
structures of the locomotor system is de- 
scribed in Volume 1; for the vessels of the 
pulmonary circulation see the chapter on 
the lungs. The systemic organization of 
the vascular tree varies considerably. In 
reality it rarely corresponds in all details 
to the schemata described in the follow- 
ing pages which only indicate the pattern 
most frequently found. Deviations of the 
vascular pattern from “normal” have two 
main causes: formation of collateral cir- 
culations during postnatal life and the 
variability in embryonic development. 


Collateral Circulation 
The ramifications o 


Provide numerous potential detours for 


the blood flow. If the main channel in A is 
occluded by obliterati 


f arterial branches 


Variability of the B 
Like an 
during 


lood vessels 


Y Organ the blood vessels d 
embryonic life fr lititive cr 


Cannot all be disc 


used here, 
Nchial arte 


as one example of the variability of the 
embryonic anlage. 


In each branchial arch of the early em- 
bryo an artery dsevelops in progression 
from cranial to caudal. B shows all 6 
branchial arteries simultaneously. They 
collect in an initially paired aortic anlage 
B2 from which dorsal, segment trunk 
arteries arise. The seventh B3 of them 
runs towards the anlage of the upper 
extremity. In addition the organs of the 
neck and part of the face are supplied by 
the common ascending vessels of the 
branchial arch arteries (which subse- 
quently develop into the external carotid 
artery BC4). One artery from the de- 
scending common vessel, (which later 
becomes the internal carotid artery BCS) 
goes to the brain. The 6th branchial arch 
gives off a branch BC6 to the anlage of 
the iung. In the course of further develop- 
ment the original symmetry is lost as the 
left side become predominant: the 4th lef t 
branchial arch artery becomes the aortic 
arch C7, the right one develops into the 
brachiocephalic trunk C8 and the subcla- 
vian artery. The left aorta of the trunk 
persists unchanged C9, the right one 
disappears; the 6th left branchial arch 
artery retains for a time its communica- 
tion with the descending aorta as the 
ductus arteriosus, not so the right one. 
The Ist, 2nd and 5th branchial arch ar- 
teries disappear. 


DE indicates the nature and frequency of 
variants of this “normal” pattern. 











i fter 
A Collateral circulation a 
occlusion of popliteal artery 
(after Loose) 











<0,1% 





D “Normal” pattern 
(77%) 


44% 
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3. Carotid arch 


4. Aortic arch 
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_ Arterial duct 
(Botallo) 


branchial arch arteries 


| 
Development of arteries from 
(after Broman) 


E Variants ofaortic trunk (23%) (after Lippert) 


YT 


<1% <0,1% <0,1% <0,.1% 


VY 


<0,1% <0,1% <0,1% <0,1 % ; 
Persistence of right-sided aorta Duplication of aortic arc 








48 Circulatory System 


Central or Great Vessels 
Main Artery of the Body (Aorta) 


All the arteries of the systemic circulation 
arise directly or indirectly from the aorta. 
The diameter of the aorta near the heart 
normally is about 20mm; in old age, due to 
loss of elasticity, it increases to about 30mm. 
The aorta is the most important “hydraulic 
reservoir” in the arterial tree. 


Course of the aorta. It ascends behind the 
pulmonary trunk toward the right as the 
ascending aorta (pars ascendens aortae) Al, 
It then forms the aortic arch A2 and passes 
back toward the left across the hilum of the 
left lung A3. From the 4th thoracic vertebra 
downward the aorta descends first on the left 
side and then in front of the spine (vertebral 


gion the esophagus A5 crosses in front of the 


aorta is the middle sacral 
artery C9, the remnant of a tai] artery. 


anches of 


MOryonic segmental arteries 
M embryonic yj - 
rede ry visceral ar 


The direct bra 


nches of the ; 
are the corona ascending aorta 


Ty arteries, s. p. 20. 


0) ' 
artery A1l2, and to the lef fe i HOclavian 
carotid artery 


arise directly from 


f endi 
are partly trunk wall br 1"8 A0rta 
ranches. anches and visceral 


Paired dorsal segmental arte: ies, trunk wall 
branches shown gray in C and D, divide into 
a dorsal branch to the spinal cord D14, the 
muscles of the back and skin D15, and a 
ventral branch D16 to the wall of the trunk 
and its appendages. In the chest region the 
ventral branches form the posterior intercos- 
tal arteries ABD 16 (D17 lateral and D18 
anterior cutaneous branches), and they de- 
scend obliquely between the intercostal 
muscles to the anterior wall of the trunk. 
Near their origins the intercostal arteries run 
with the intercostal nerve and vein in a 
groove on the lower edge of the upper rib of 
cach intercostal space. For this reason punc- 
ture of the pleural space B is performed from 
the back on top of the upper margin of the 
lower rib (B19 rib, B20 muscles of the chest 
wall, B21 skin and subcutaneous tissue). 
The first and second posterior intercostal 
arteries arise from the highest intercostal 
artery A22, a branch of the subclavian ar- 
tery. Four lumbar arteries arise in the ab- 
dominal cavity. 


Lateral, paired, nonsegmental arteries, black 
in C and D (the superior phrenic arteries in 
the chest, trunk wall branches) are well 
developed in the abdominal cavity, where 
they supply the diaphragm (inferior phrenic 
arteries C23, trunk wall arteries) and as 
visceral branches, to paired organs such as 
the kidneys A24 and adrenal glands A25 
(renal arteries CD26, suprarenal arteries 


C27) and to the gonads (testicular or ovarian 
arteries C28), 


Ventral, unpaired, nonsegmental arteries, 
visceral arteries, red in C and D, supply the 
unpaired viscera in the chest and abdomen. 
Chest: small branches to the trachea, 
Csophagus and mediastinum (bronchial, 
Csophageal, _ pericardial. mediastinal 
branches). Abdomen: celiac trunk C29 (with 
its three main branches, the splenic, left 
gastric and common hepatic arteries, see p. 
242), superior mesenteric artery (see p. 246) 
CD30 and inferior mesenteric artery C31. 
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A Aorta and its 
branches 
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50 Circulatory System 
Venae Cavae 
Blood from the systemic circulation flows 
back to the heart via the superior and 
inferior vena cava. 
Superior vena cava. The roots of the 
superior vena cava Bl1 are the 
brachiocephalic veins (dextra, sinistra) 
B2, through which blood is returned to 
the heart from the head and neck by the 
internal jugular vein B3 and from the 
arms by the subclavian vein B4., It also 
receives additional blood from the thy- 
roid gland, chest Cavity and the neck. A 
large lymph vessel, the thoracic duct A5 
on the left, and the smaller right /ymphat- 
ic duct, drains into the “venous angle,” 


the confluence of the subclavian and in- 
ternal jugular veins (see p. 80). 


Inferior vena caya. The roots of the 
ferior vena cava B6 
veins B7, which re 
abdominal viscera 
vein B8 and from t 
external iliac vein 
inferior vena cava 
from the renal veins B10 and from the 
! veins of the gona 
283) and ovarian 
left gonad B11 drains ; 
vein, and the ri i 


in- 
are the common iliac 





| Azygos System 
Azygos and hem 


iazygos veins. The seg- 








(esophageal and ' onchial veins) also 
drain into the azygos vein. The hemiazy- 
gos vein joins the azygos vein at the 
height of the 6th to the 10th thoracic 
vertebrae B20. The accessory hemiazy- 
gos vein B21, into which blood flows 
from the upper left intercostal veins, pas- 
ses from above into the hemiazygos vein. 
Veins from the Ist and 2nd intercostal 
space also enter the brachiocephalic vein. 
The azygos vein of pencil thickness, the 
largest vein of the wall of the trunk, 
crosses the hilum of the right lung and 
reaches the superior vena cava from be- 
hind. A22 Bifurcation of the trachea. 
A23 Adrenal gland, A24 kidney. Com- 
pare B with A, 


Anastomoses and collaterals. Connec- 
tions (anastomoses) and bypasses (colla- 
terals) between veins are easily formed, 
and may include subcutaneous veins. 


Clinical Tips. Blood clots can form in 
veins after operations and in inflamma- 
tions and may completely occlude the 
lumen of the vessel — thrombosis. They 
may remain unnoticed in small veins. If 
the clots become detached from the ves- 
sel wall, they can be carried with the 
blood stream through the right atrium 
and right ventricle into the pulmonary 
circulation to finally become trapped in 
the arteries or capillaries of the lungs — 
pulmonary embolism. 
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A Venae cavae, the 
azygos system and 
their roots 
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B Scheme of great veins 





92. Circulatory System 
Peripheral Pathways 


The peripheral vessels, i. e., arteries, 
veins and lymph vessels, together with 
their associated nerves form the peripher- 
al pathways. In the following description 
the vessels are traced up to the organs 
Which they supply. In order to protect 
them from mechanical injury, the 
peripheral vascular pathways run in 
cracks, niches and canals between bones, 
muscles and fascia. This is particularly 
seen in the neck and limbs where there is 
a lot of movement and is less marked in 
the chest and abdominal Cavities. The 
pathways of an Organ are joined together 


by connective tissue into a cable which 
can remain mov 


rounding tissues. 
on their flexor aspect (see p. 38). The 


Organs can move 
sels, 


Guide Structures q 
course of periphera 
nized by obsery 
muscles. Such 


nd memory aids. The 
I pathways can be recog- 
ing their guide Structure e.g. 
anatomic signposts are of 


ays in the 
discussed in Vol. I, 


Arteries of the Head 


The viscera Of the hea 


and Neck 


tional su pl 

8€ branch of the 
ther branches from 
SO gO to the lateral] 
0 Part of the Shoulder 


Arteries of the Neck | 


Subclavian Artery 


The subclaviq 


| n artery leave 
thoracic Ope 


d S Via the y 
ning, Pper 


TUNS across the lst rib 


(the artery can be compressed against the 
Ist rib A3 by pulling the arm downward 
and backward) and through the scalenus 
gap (between the scalenus anterior - 
and medialis A5) into the lateral cervica 
region. The following arteries arise from 
the subclavian artery medial to the 
scalenus anterior muscle: 


The vertebral artery AB6 usually runs 
from the 6th cervical vertebra within the 
transverse foramina upward to the atlas 
(the uppermost cervical vertebra) where 
it perforates the atlanto-occipital mem- 
brane. Both vertebral arteries then unite 
and form the basilar artery, see p. 58. 


The internal thoracic artery B7 runs 
downward inside the chest wall lateral to 
the sternum. It gives off the pericar- 
diacophrenic artery which is accompanied 
by the phrenic nerve, the musculophrenic 
artery to the diaphragm and the lower 
intercostal arteries, Eventually as the 
superior epigastric artery, it forms an 
anastomosis with the inferior epigastric 
artery, see p. 72. Its branches go to the 
skin of the chest, the thymus, medias- 
tinum and the root of the lung; there are 
communications with the upper 5—6 in- 


tercostal arteries via their anterior inter- 
costal branches. 


The thyrocervical trunk gives off the in- 
ferior thyroid artery B8, the ascending 
cervical artery B9 that accompanies the 
phrenic nerve, and the transverse cervical 
B10 and suprascapular B11 arteries. The 
latter crosses the transverse ligament of 


the scapula to reach the shoulder blade 
muscles. 


The costocervical trunk passes with the 
deep cervical artery B12 to the deep mus- 
Cles of the nape of the neck and with the 
highest intercostal artery B13 to the Ist 
and 2nd intercostal arteries. 


In 60% of Cases the transverse artery of 


the neck B14 arises lateral to the anterior 
scalenus muscle and Passes through the 


brachial plexus to the upper medial angle 
of the scapula. 


The subclavian vein A15 lies in front of 
th 


€ anterior scalenus. Compare BandA. 
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54 Circulatory System 


Arteries of the Neck II, Facial 
Arteries 


Common Carotid Artery 


The common carotid artery Al forms, 
together with the internal jugular vein and 
the vagus nerve, the neurovascular cord 
from the neck to the head, which is cOv- 
ered by a connective tissue sheath (an 
extension of the middle leaf of the cervi- 
cal fascia, see p. 166). In the lower part of 
the neck it lies beneath the sterno- 
cleidomastoideus. It leaves the protective 
cover of the latter in the middle of its 
anterior border and lies in the carotid 
triangle between the omohyoid, sterno- 
cleidomastoid and digastric (posterior 
belly) muscles, beneath the superficial 


layer of the fascia of the neck and the 
platysma. 


The artery of the n 
carotid artery, 

Without branch 
A2 against the 
cess of the 6th 
tubercle), Att 
the common ec i 


eck, the common 
Passes through the neck 
ing. It can be compressed 
prominent transverse pro- 
cervical vertebra (carotid 


» Which contains a presso- 
receptor area with nerve endings sensitive 
to blood Pressure. In 
there is also the caroti 


External Carotid Artery 
The Superior t} 
to the anterj 
gland giving 
One and 
cleidomasto 
the superio 


'yroid arte 
OT surface 
off branche 0 

) th 
Sometimes lo the a 
id muscle, and t N gives off 
r laryngeal artery RB 





larynx as, together with the superior 
laryngeal nerve, it perforates the thyro- 
hyoid membrane: see p. 118. 


For the lingual artery B7 se p 56. 


The facial artery B8 runs behind the 
Styloideus and digastricus deep to the 
submandibular gland, transverses the 
edge of the mandible at the anterior 
border of the masseter (where the pulse 
can be palpated A9) and arrives at the 
medial corner of the eye as the angular 
artery B10. Branches: the ascending 
palatine artery B11, the tonsillar branch 
B12 (see p. 56) and the submental artery 
B13 (see p. 56). The inferior and superior 
labial arteries B14 anastomose with the 
corresponding vessels on the opposite 
side to form a vascular ring around the 
mouth, from which branches go to the 


upper and lower lips and to the nasal 
septum. 


For the ascending pharyngeal artery B15 
see p. 56. 


The sternocleidomastoid branches go to 
the muscle of that name. The occipital 
artery B16 runs medial to the origin of the 
digastricus and then under the splenius 
capitis to the occiput. 


The posterior auricular artery B17 passes 
behind the ear, and gives off a branch, the 
stylomastoid artery, that runs through the 


Sstylomastoid foramen toward the facial 
nerve, 


For the maxillary artery B18, see p. 56. 


The superficial temporal artery B19, a 
superficial terminal vessel, divides in the 
temporal area into frontal and parietal 
branches. The pulse wave in it is visible 
and palpable A20. In old age the artery 
becomes quite prominent and coiled due 
to loss of elasticity and the deposition of 
calcium in its wall. Two branches, the 
zygomaticorbital artery B21 and the 
transverse facial artery B22 accompany 
the zygomatic arch. The medial temporal 


artery B23 enters the temporal muscle. 
Compare Band A. 





8 . 
Sequence of branchin 
of external carotid 
artery 
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56 Circulatory System 


~ Facial Arteries II 


Maxillary Artery 


The maxillary artery BC 1, the deep termi- 
nal branch of the external carotid artery 
ABC2, is larger than any of the superfi- 
cial end branches. The maxillary artery 
passes behind the temporomandibular 
joint, obliquely through the deep region 
of the face to the pterygopalatine fossa. 
Three sections can be distinguished in the 
route of the artery, the section behind the 
temporomandibular joint, the section 
through the muscles of mastication and 
the part in the pterygopalatine fossa. 


Pathway around the temporomandibular 
joint. Branches: small branch to the tem- 
Poromandibular joint, external auditory 
meatus and middle ear (the deep auricu- 
lar artery and anterior tympanic artery). 


Ower jaw, Finally, 
4, it traverses the 
Tun to the skin of the chin. 


The middle meningeal artery ABCS is the 
MOst Important artery of the dura mater. 
It passes through the foram 
Into the midd] 


- Sm 
pa ate, the trigeminal] anelj 
Panic cavity and the facie 


The pathway through 


on ; the tym- 
nal, 


the mus 
tication, Branches aS cles of mas. 


ery B10 to the ch roa ee 

membrane (inner ini The ce. 

The Pathway through 

Sa. Branches: The ; ms En oe 
al- 

axilla at the 


ing Of the cheek), 


Superio 


a 
veolar artery Bly €nters the m 


maxillary tuberosity and supplies the 
posterior teeth and gums. It forms an 
anastomosis with the infraorbital artery 
B12 which passes through the inferior 
orbital fissure into the orbit and leaves it 
through the infraorbital canal and the 
infraorbital foramen. On its way it gives 
off the anterior superior alveolar arteries 


which supply the anterior teeth and the 
gums. 


The descending palatine artery B13 
reaches the palate in the pterygopalatine 
canal. Note the greater C14 and lesser 
palatine arteries. Compare Band A. 


(The artery of the pterygoid canal runs in 
the pterygoid canal to reach the upper 
pharynx and Eustachian tube.) 


The sphenopalatine artery BC15 enters 
the nasal cavity through the 
sphenopalatine foramen and supplies its 
lateral, posterior and medial walls via the 
posterior lateral nasal arteries C16. 


The roof of the nasal cavity receives the 
anterior lateral nasal branches C17, 18 of 
the anterior ethmoidal artery C19 (from 
the ophthalmic branch of the internal 
carotid artery C20). The latter also gives 


off the small anterior meningeal branch 
C21. 


The lingual artery C22 gives off branches 
C23 to the sides of the tongue (the dorsal 
lingual branches), and to its body and tip 
(deep lingual artery). The sublingual ar- 


tery C24 goes to the sublingual gland and 
the gums. 


The posterior auricular artery is shown as 
A25, the submental artery as C26 and the 
fonsillar branch ©27 of the facial artery 
C28. The ascending pharyngeal artery 
C29 supplies the lateral wall of the 
Pharynx and the tympanic cavity. Its ter- 
minal branch is the posterior meningeal 


artery which passes through the jugular 
foramen, 





B Sequence of branching 
of maxillary artery 





A Branches of maxillary 
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C Arteries to deep layers 
of face 


58 Circulatory System 


Arteries of the Brain 


The brain is supplied by the internal 
carotid artery B1 and the vertebral artery 
B2, see p. 52. 


Internal Carotid Artery 


Internal carotid artery B1 runs without 
dividing to the base of the skull. It enters 
the cranial cavity through the carotid 
canal in the petrous portion of the tem- 
poral bone (small branches from this part 
of the vessel 0 to the tympanic cavity). 
After leaving the canal it runs in an S- 
shape in the middle fossa of the skull (the 
carotid siphon) in the carotid sulcus be- 
Side the sella turcica (pituitary fossa) A3 
through the sinus cavernosus giving off 
small branches to the hypophysis, the 
trigeminal ganglion and the wall of the 
Cavernous sinus. In its further course the 
Internal carotid artery perforates the 


dura mater medial to the anterior clinoid 
Process. 


© medial corner of 
€ eye and the ridge 
spectively. Be of the nose, re. 


The middle cereb ; 
immediate cont; i ge B10 is the 


Bl an runs in the ] 
ateral 
poeerel Sulcus (of Sylvius). For its dis. 
ution in th Tain see vol. 3. The 


anterior choroidal artery B11 goes to the 
tela choroidea of the lateral ventricles. 


The anterior cerebral artery B12 runs 
backward on the corpus callosum. 


Vertebral Artery 


The vertebral artery arises from the sub- 
clavian artery (see p. 52) and passes on 
the arch of the atlas to the midline where 
it perforates the atlanto-occipital mem- 
brane and the dura mater to arrive in the 
posterior fossa of the skull by passing 
thr: ugh the foramen magnum A 13. Just 
abo ¢ its anterior margin on the clivus the 
two vertebral arteries join to form the 
basilar artery B14. For its distribution in 
the brain see Vol. 3. 


Branches: The horizontal segmental 
branches (the spinal and muscular branches) 
leave in the region of the cervical spine. 
Shortly before the vertebral arteries Join to 
form the basilar artery, the longitudinal 
anastomoses for the spinal cord arise; the 
paired posterior spinal arteries B15, which 
run on the sides of the dorsal aspect of the 
cord, and the initially paired but subse- 
quently unpaired anterior spinal artery B16, 
Which runs along the anterior aspect of the 
spinal cord. The paired posterior inferior 
cerebellar arteries B17 go to the cerebellum. 


The basilar artery B14 gives off the an- 
terior inferior cerebellar arteries B18 and 
the superior cerebellar arteries B19 to the 
cerebellum. Between these vessels 
branches arise which go to the pons B20 
and the labyrinthine artery B21 to the 


internal auditory meatus. A22 Abducens 
nerve. 


The basilar artery ends in the posterior 


cerebral artery B23 above the cerebellar 
tentorium. 


Cerebral arterial circle (of Willis) 


The posterior B23 and middle B10 cerebral 
arteries On each side are connected by the 
posterior communicating artery B24. To- 
gether with the anterior communicating ar- 
tery B25, between the two anterior cerebral 
arteries, they form an arterial circle around 
the sella turcica at the base of the brain. 
Numerous short arteries arising from it pass 
into the neighboring basal part of the dience- 
Phalon. A26 Crista galli, A27 oculomotor 
nerve, A28 middle meningeal artery. Com- 
Pare Band A, 
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A Arteries at base of skull 


B Arterial circle of 
Willis and tributary 
arteries 


(cerebral arteries) 
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| ‘ > superior sagittal sinus, the 
Veins of the Brain and anal ie a tie sinuses B14. There the 
| Sinuses of the Dura Mater | fransverse sinus arises, at the ei 5 
‘ : , IS als 

| Veins of the Vertebral oun une See waite it cece 
dH Blood from the brain flows via the cere- daecontinan as the sigmoid sinus B16 
bral veins first into the rigid blood chan- ose the posterior lower margin of the 
nels of the dura mater, the venous sin- ayeninicial part of the petrous bone to the 
uses, and from there into the veins of the posterior circumference of the jugular 
neck and face, or into the veins of the foramen. The internal jugular vein begins 
spinal canal. in the jugular foramen with a bulge, ns 
A Sinuses of the dura mater. The rigid bulb of the superior jugular vein. ae 
walls of the venous sinuses Al are occipital sinus B17 is a ae eae i. a 
formed by reduplication of the dura ma- extends from the confluence o io / eS hy \ _46 
ter A2. Each sinus is lined by en- nuses to the foramen magnum Sonn (e- _zZagggee YN 

dothelium but lacks the muscle layer of tion to the sigmoid sinus via an anas- 7 “a mes 

the venous wall. The cerebral veins Ad, tomosis, the “marginal sinus”). The ot A. eel” 
Which emerge from the surface of the jy, plexus B19 descends behind the 1 AA 

brain A3, pass through the subarachnoid turcica B18 toward the foramen ie f 

Space of the leptomeninges A5 to enter num. Veins B20 arise from the circle o 

| the nearest venous sinus AJ, either di- sinuses around the foramen magnum. 
rectly or, as in the case of the superior They perforate the dura mater which 
Sagittal sinus, after having passed becomes detached from the bone and 
through lakelike confluences, the lateral Periosteum at the rim of the ide 
lacunae. An arachnoid villus (granulatio magnum. They drain into the epcure 
arachnoidealis, Pacchionian granulation) venous plexuses of the spine, agra} 
| A6 extends into the superior Sagittal those of the spinal canal, the vertebra 
sinus. At the base of the skull the sinuses 






A Transverse 
section through 
venous sinuses 
and their afferent | 

~11 vessels 




















venous plexus. B21 The sphenoparietal 

f join veins, but they also have direct com-- sinus, B22 the superior petrosal SINUS, 

| munications leading to the veins of the B93 the frontal sinus, B24 the sphenoidal 
Scalp A7, the emissary veins A8, In addi- | 


B Sinuses of skull 
“aaa sinus. For the cavernous sinus and the 

MeTOUuS Veins inside the inferior petrosal sinus see p. 62. 
veins AY, which have 


CD Vertebral venous plexus. In the ee 
tebral canal between the dura a an : 
the periosteum is a large venous p se 
consisting of the anterior internal C 
inal flu; and posterior CD26 alle) mee 
Blond wid is transfer- l It also receives blood from 
Into the venous blood (cf, Vol. 3) via P a enn . 27, which. in turn. 
arachnoid vil] basivertebral veins CD »W ; 
achnoid villi, Sranulationes arachnoideales tebrae to 
loni) AG, nonvascular arachnoid Fe connected through the ver ae 
bundles that bulge j ial veinsand _— the anterior external vertebral ven 
Siuses of the dura mater, 


| 

plexus CD28 in front of the vertebral 
| B The Superior Sagitta 

| 

| 


Veins of the Scalp. The sj 
| ded in grooves in the bo 


Some of the cerebros 
red j 


column. This plexus is connected to the 
mee a azygos and hemiazygos veins C29. In 
between the vertebral arches veins run to 
the poorly developed external posterior 
vertebral venous plexus CD30 along the 
Process of the vertebral column. Inter- 
vertebral disk D31. (From an illustration 
by Rauber-Kopsch.) 


Tuns alon 
Cerebri Bld tot 


D Vertebral veins 











62 Circulatory System 


Venous Sinuses of the Dura 
Mater II 


The venous sinuses at the base of the skull 
have two main confluences on each side: 
in the cavernous sinuses AB1 in the mid- 
dle fossa of the Skull, which receives 
numerous afferent vessels and drains into 
Several efferent channels; and the Sig- 
moid sinus B2 in the Posterior fossa of the 
skull. It is the largest sinus and carries 


blood through the jugular foramen to the 
internal jugular vein, 


The cavernous sinus AB1 is paired and 
lies on either si 


the Pituitary gland AB3, above the 
sphenoidal air 
ly divided byc 
internal carotid artery ABS and the ab- 

ucens nerve 
oculomotor pn 


connections which, according to the di- 
Fection of the blood flow, may either be 
atferent of efferent. 

The intercavern 
hect the cavern 
behind the hyp 


OUS sinuses, Which con- 


OUS Sinuses in front of and 
ophysis. 


The sphenoparietal sinus B11, which runs 


©n both sides along the crest of the lesser 
WINgs of the sphenoid bone. 


a basilar Plexus B14 is connected with 
ies A rork of the spinal Canal 
». ao € foramen Magnum B15 (see 


The supepj 

nects the sf °Phthalmic vein B16 con- 
. e S i . . 

Veins Via the angyy Uses With the facial 


ney ro ; 
Part of the i vein in the medial 


9) 
: SACMOL the is ¢ 
Pathway by which Mfections in aed 


lip area may ca. -e thrombosis of the 


cavernous sinus. » enous pathways also 
extend via the foramen ovale and the 
orbits to the pterygoid plexus in the deep 
region of the face (sce p. 64). 


The superficial middle cerebral veins and 
inferior cerebral veins (see vol. 3). 


The sigmoid sinus B2: blood flows into it 
from the confluence of the sinuses B 17. M 
is the site where the superior sagittal sinus 


B18 and the straight sinus come together 
(see p. 60). 


The transverse sinus B19 Originates on 
each side from the confluence of the 
Sinuses. It runs at first within the attach- 
ment of the tentorium cerebelli. On the 
posterior surface of the petrous bone it 
continues as the sigmoid sinus, which 
leads through the posterior part of the 
jugular foramen into the superior bulb of 
the jugular vein. 


The occipital sinus B20 is an unpaired 
venous sinus which divides at the pos- 
terior circumference of the foramen mag- 
num. As an anastomosis, the “marginal 
sinus” B21 it connects with the sigmoid 
sinus and the venous network of the 
spinal canal. B22 Crista galli. 


Emissary veins are direct connections 


between the sinuses and nearby extracra- 
nial veins. 


The mastoid emissary vein connects the 
transverse sinus with the occipital vein. 


The parietal emissary vein connects the 


Superior sagittal sinus with the veins of 
the scalp. 


The condyloid emissary vein connects the 
sigmoid (transverse) sinus with the exter- 
nal vertebral venous plexus. 


The occipital emissary vein connects the 


confluence of the sinuses with the occipi- 
tal vein. 


The diploic veins are veins in the diploe of 
the cranial bones that are connected, on the 
One hand, to veins inside the skull and, on 
the other, join up via four venous branches — 
the frontal diploic vein, temporal diploic 
veins, and occipital diploic vein — with more 
distant veins in the scalp (cf. p. 60). 
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64 Circulatory System 


Veins of the Face and Neck 


Blood coming from the facial part of the 
skull, from the upper cervical viscera and 
most of the blood from the cranium, as 
well as from the distribution areas of the 
internal and external carotid arteries, js 
directed via the great vein of the neck, the 
internal jugular vein 1, and several smal- 
ler veins on the upper thoracic aperture, 
There the internal jugular vein with the 
subclavian vein 2 from the shoulder and 
arm forms the brachiocephalic vein (in- 
nominate). Th 
either side com 
vena cava. At 


the internal jugular and the subclavian 
veins combine 


and on the righ 
3. The Subclavian y 


artery 5 passes bet 


terior and medialis 6 (in the scalenus 
gap). 


» the superior 
bulb of the Jugular vein. Here it receives 


€ sinuses-o the dura 
mater: f 


7 Superior Sagittal Sinus, 8 inferior Sagit- 
tal Sinus, 9 Confluence of the sinuses 10 
Straight Sinus, 1] great cerebral vein. 12 
transverse sinus, superior petrosal 
SINUS, 14 sigmoid Sinus, 15 inferior pe- 


trosal Sinus, 16 Cavernous sinus, 17 
Superior ophthalmic Vein, 


this reason the 

Cin is kept open by 

Muscle and the 

© heart is facjli- 
; urie : 

\©.8., knife Wound) aj ti 


an be aspirated 
ading to air embolj 


f the lower hyoid 





Blood also flows into the internal jugular 
vein from the face and neck: from the 
pterygoid plexus 19, lying in the deep 
areas of the face between the masticatory 
muscles, which is connected with the 
cavernous sinus 16, and with numerous 
veins, among them veins from the orbits 
and the face and with the first part of the 
retromandibular vein via the maxillary 
veins. The pterygoid plexus and the su- 
berficial temporal veins 20, as well as the 
veins from the ear, drain into the re- 
tromandibular 21 (posterior facial) vein 
22, which, as the angular vein 23, anas- 
tomoses in the medial corner of the eye 
with the superior ophthalmic vein 17, into 
the internal jugular vein. The superior 
thyroid vein 24 also Passes into the inter- 
nal jugular vein. A venous network lying 
On the pharyngeal muscles, the pharyn- 
Seal plexus, often ends with its own veins, 
the pharyngeal veins, in the internal jugu- 
lar vein. These veins may also carry blood 
from the larynx and the thyroid gland. 


The external Jugular vein 25 originates 
from the occipital veins and the posterior 
auricular vein. It runs between the super- 
ficial layer of the cervical fascia and the 
platysma and often flows directly into the 
subclavian vein. The anterior jugular vein 
26 comes from the hyoid region and also 
lies outside the main fascia. The vertebral 
and internal thoracic 27 veins usually 
€mpty into the brachiocephalic vein near 
the venous angle. 
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Veins of head and neck 








66 Circulatory System 


Arteries of the Shoulder and 
Upper Arm 


The shoulder and upper arm are supplied 
by the subclavian artery B1. It runs be- 
hind the clavicle and becomes the axillary 
artery B2, which extends to the lower 
border of the pectoralis major (anterior 


axillary fold) and there becomes the 
brachialis artery B3, 


A4 Scalenus anterior, AS5 pectoralis 
minor, A6 latissimus dorsi, A7 long head 
ofthe triceps, B8 common carotid artery. 


Compression: The subclavian artery A9 
can be compressed against the first rib by 
Pulling the arm backward and downward; 


the brachial artery at A10 can be com- 
Pressed against the humerus. 


Branches of the subclavian artery B1 to 


the shoulder 8irdle: the suprascapular 
(transverse Scapular) 


arises from the thyro 
See p. 52), runs Parallel to the clavicle 


fro 
Cas 


€r. The Jate 


te 
» at the lateral b ee 


Order of the pec- 
NWard to the pec- 
c mammary gland. 
» @ Short vessel , 


circumflex Scapular arte 

cae ve ae through the medial 
) 

saa the dorsal f 





together with the thoracodorsal nerve. 
The posterior circumflex artery of the 
humerus B18 is a large branch which 
travels with the axillary nerve through the 
lateral axillary gap A19 to lie on the 
surgical neck of the upper arm. The an- 
ferior circumflex artery of the humerus 
B20 is a small branch in front of the 
surgical neck. Both of these arteries are 
endangered in a fracture of the neck of the 
humerus (unusual ). 


The brachial artery B3 lies in the median 
groove of the biceps with the median 
nerve. At the elbow, the aponeurosis of 
the biceps muscle, the brachial artery 
divides into the radial artery B21 and the 
ulnar artery B22, 


Branches of the brachial artery: The deep 
brachial artery B23 descends outward 
together with the radial nerve below the 
attachment of the latissimus dorsi on the 
Posterior surface of the humerus. It ends 
as the middle collateral artery, situated 
behind the lateral epicondyle, and as the 
radial collateral artery, which is accom- 
panied by the radial nerve. The superior 
ulnar collateral artery B24 arises af ter the 
deep brachial artery and passes with the 
ulnar nerve behind the medial epicon- 
dyle. The inferior ulnar collateral artery 


runs through the intermuscular septum to 
the elbow, 


Arterial network around the elbow: The 
collaterals of the brachial arteries and the 
recurrent branches from the antebrachial 
arteries (see p. 68) form together the 
arterial anastomotic network around the 
olecranon, the rete articulare cubiti. 


B25 Recurrent interosseous artery, B26 
common interosseous artery, B27 an- 
terior interosseous artery, B28 posterior 


interOsseous artery, see p. 68. Compare 
Band A, 
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A Subclavian, 
axillary and 
brachial arteries 
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Sequence of 
branching of sub- 
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and brachial 
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68 Circulatory System 


Arteries of the Forearm and Hand 


The brachial artery B1 divides between 
the aponeurosis of the biceps into the 
radial B2 and ulnar arteries B 3 


The radial artery runs with the superficial 
branch of the radial nerve beneath the 
brachioradialis A4 (a guideline struc- 
ture) to the thumb side of the hand. The 
pulse can be palpated at AS in the lower 
third of the forearm medial to the tendon 
of the brachioradialis muscle. The radial 
artery at the level of the carpus passes 
through the radial foveola (‘anatomist’s 
snuff box’) (see Vol. 1) onto the dorsum 
of the hand. It runs dorsally around the 
al bone and between the two 
Ist dorsal interosseous mus- 


cle to the palm as part of the deep palmar 
arch AB6, Branches: 


* Ne principal artery of the thumb 
BC8 runs to the palmar aspect of the thumb 
and index £ 


The recurreny ulnar artery B10 goes to the 
cubiti, and the common in- 
Bll leaves the ulnar arte 


Sa. It gives off 
‘nlerosseous arte B the recurrent 


Which divides im- 


2 re it runs With the dee 
perf o , adial nerve between the sy 
ite he ep extensor Muscles toward 


The arteries of the hand lie mainly in the 
muscles of the palm where the metacar- 
pal and finger arteries arise from the ave 
arterial palmar arches. A weaker dorsal 
carpal branch of the radial artery gives off 
arteries to the back of the hand. 


The superficial palmar arch AB 13, distal- 
ly near the heads of the metacarpal 
bones, is supplied mainly by the ulnar 
artery B3 (the superficial palmar branch 
of the radial artery is an inconstant ves- 
sel). The three common palmar digital 
arteries B14 arise from the superficial 
palmar arch and each divides into 2 com- 
mon palmar digital arteries B15 to the 
adjacent sides of pairs of fingers. The 
little finger receives its artery directly 
from the palmar arch, 


The deep palmar arch AB6 lies proximal- 
ly near the bases of the metacarpal bones. 
It is supplied mainly by the radial artery 
B2, but it also receives a deep palmar 
branch from the ulnar artery. The 3rd and 
4th palmar metacarpal arteries arise f rom 
the deep palmar arch. They form anas- 
tomoses with the common palmar digital 
arteries of the superficial arch and 
through perforating branches with the 
dorsal metacarpal arteries. 


The dorsal carpal branch BC16, a small 
branch of the radial artery, passes to the 
dorsal aspect of the carpus. It gives off the 
dorsal metacarpal arteries from which ae 
small digital arteries arise. The carpa 
branches form networks: the palmar and 
dorsal carpal rete. 


D Course of the dorsal and palmar ar- 


teries and nerves of the fingers. Compare 
B with A, CandD. 
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A Arteries of forearm (flexor aspect) 





i f 
B Sequence of branching o 
ariebractial arteries 


C 
Arteries of dorsum of hand 





D Arteries and nerves of finger 








70 Circulatory System 


Arteries of the Pelvis 


The aorta C1 divides (bifurcation of the 
aorta) in front of the 4th lumbar vertebra 
(at the origin of the median sacral artery 
C2 into the nvo common iliac arteries C3. 
Each then divides without giving off 
further branches into the internal C4 (for 
the pelvic organs) and the external C5 
iliac arteries. The latter passes below the 
inguinal ligament A6, through the “lacu- 
na vasorum” A7 to the thigh. It supplies 
the leg and gives off small branches to the 


anterior abdominal wall and the external 
genitalia. 


Internal iliac artery C4. The short artery 
divides into an anterior C8 and a pos- 
terior C9 part and gives off parietal 
branches for the wal] of the pelvis and 
buttock region, and visceral branches for 
the viscera. There is marked variability in 


the origin and distribution of its 
branches, 


Parietal branches: lliolum 


to th bar artery C10 


ilium, psoas and 
Tal canal. 


The lateral sacral 


t 7 
cated artery C11, often dupli 


» Tuns laterally downward ablon 
Tum and gives off spinal branches 


Into the anterior sacra] foramina. 


the pelvis to gluteal artery BC 14 leaves 

: SClatic nerve 
rtery through 
€ greater scia- 
Supplies the glutej 





terior branch to the deep external muscles 
of the hip, and an acetabular branch 
through the ligamentum capitis femoris 
to the head of the femur (see p. 72). 


The internal pudendal artery BC 17 passes 
through the infrapiriform part of the 
greater sciatic foramen AB 15, around 
the sacrospinal ligament A18 in the pu- 
dendal canal (in the fascia of the internal 
obturator muscle, Alcock’s canal). Then, 
accompanied by the pudendal nerve 
A19, it passes along the ramus of the 
ischium, beneath the subpubic angle. It 
gives off branches to the anus, perineum, 


urethra and the penis or clitoris (see p. 
310). 


Visceral branches: The middle rectal 
(hemorrhoidal) artery C20 supplies the 
rectal ampulla. It has anastomoses with 
the superior rectal branch of the inferior 
mesenteric artery and the inferior rectal 
artery (compare p. 248). It supplies the 
levator ani muscle and in the male the 
prostate and seminal vesicles. 


The uterine artery C21 runs in the connec- 
tive tissue below the broad ligament of 
the uterus to the cervix (see p. 304). In 
the male the artery to the ductus deferens 
is a thin vessel. 


The inferior vesicular artery gives 
branches to the fundus of the bladder, the 
ureter and prostate or vagina. 


During fetal life, the wmbilical artery C22 
runs to the placenta (see p. 332) and alter 
birth gives off the superior vesical ane 
the artery of the ductus deferens, an 
branches to the ureter (pars patens). Af- 
ter birth the rest of it becomes obliterated 
(pars occlusa) and forms the medial um- 
bilical ligament. C23 is the common stem 
of the obturator and umbilical arteries. 


A24 Acuna of muscles, AB25 piriformis 
muscle, A26 sacral plexus, A27 lesser 
Sciatic foramen, AB 28 sacrotuberal liga- 
ment, AB29 sciatic nerve, B30 gluteus 
maximus muscle, B31 gluteus medius 
muscle, B32 gluteus minimus muscle. 
Compare C with A and B. 
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B Blood vessels and nerves 
of the deep gluteal region . 
(supra- and infrapiriform foramina) 





C Sequence of branching 
of the internal iliac artery 


16 21 
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72 Circulatory System 


Arteries of the Pelvis and the 
Thigh 

(Compare with p. 70.) The internal iliac 
artery C1: C2 superior gluteal artery, C3 
iliolumbar artery, C4 common iliac ar- 
tery, C5 abdominal aorta, C6 middle 
sacral artery, C7 lateral sacral artery, C8 
inferior gluteal artery, C9 uterine artery, 
C10 inferior rectal (hemorrhoidal) ar- 
tery, C11 obturator artery after exit of 
the umibilical artery, C12 internal pu- 


dendal artery, C13 Piriformis, and C14 
Sacrospinal ligament 


The external iliac artery C15 reaches the 
terminal line from 


ac artery to the 
° The inferior 
» Which runs to the 
he rectus abdominis 


mise eng ewe N th Vastus medialis 
care: ye: the adductor Muscles, It jc 
: eh by the fascia lata and th 
CUurOsis of the ad uctor Muscle A 29 
Structur ) ‘torius Muscle (2uideline 
in ‘Ward in the ad 
enters the POpliteal f Popliteal artery it 


femur. Medial to the 


Superficial branches: The superficial epigas- 
(ric artery C21 goes to the outer surface of 
the abdominal wail, the superficial circum- 
flex iliac artery €22 runs parallel to the 
inguinal ligament to the anterior superior 
iliac spine. The external pudendal artery 
C23, often duplicated, supplies the external 
genitalia. Other branches go to the extensor 
and adductor muscles and to the wall of the 
inguinal region. 


Deep branches: The largest branch is the 
deep femoral artery BC24 which supplies the 
thigh muscles and the femur. Other 
branches that also commonly arise directly 
from the femoral artery are the medial cir- 
cumflex femoral artery C25, with the deep 
branch B26a to the Origins of the ischiocru- 
ral muscles and with the ascending branch 
BC26, which rises behind the neck of the 
femur and forms an arterial ring together 
With the lateral circumflex femoral artery 
(anastomoses with the gluteal arteries). A 
fransverse branch B26b branches into the 
adductors. The variable acetabular branch 
€nters the incisure of the acetabulum to 
supply the head of the femur. 


The /ateral circumflex femoral artery BC27 
gives off an ascending branch C28 to the 
head of the femur and a descending branch 
C29 to the quadriceps femoris muscle. Ter- 
minal branches of the deep femoral artery 
C30 are represented by 3(—5) perforating 
arteries to the adductors and the dorsal 
muscles of the thigh. 


The head B31 and neck of the femur and 
the capsule of the hip joint are thus 
Supplied by both circumflex femoral ar- 
teries; the head receives an additional 
Supply from the obturator artery by its 
acetabular branch in the ligamentum 
Capitis femoris B32. 


The articular rete of the knee in front of the 
knee joint (not shown) has the following 
afferent vessels: the descending genicular 
artery C33 arises from the femoral artery 
and penetrates the aponeurosis of the ad- 

uctor muscle A20 on which it descends. 
The lateral C34 and medial C35 superior 
£enicular arteries, the lateral C36 and me- 
dial C37 inferior genicular arteries, are all 
branches of the popliteal artery. The anterior 

38 and posterior recurrent tibial arteries 
arise from the tibial arteries. The anterior 
tibial artery is C39, The medial genicular 
artery C40 penetrates the knee joint. Com- 
Pare C with A and B. 





Peripheral Pathways 


A Arteries of thigh, 
anterior aspect 


34 


40 
36 


38 


(| 


C Sequence of 
branching of 
internal and . 
external iliac arteries 
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74 Circulatory System 


Arteries of the Leg and Foot 


The popliteal artery runs through the 
adductor canal to enter the popliteal fos- 
sa at the flexor side of the knee. It is 
called the popliteal artery until its divi- 
sion into the anterior ABC 1 and posterior 
AB2 tibial arteries. Lying in the popliteal 
fossa A3 from dorsolateral to ventrome- 
dial, are the tibial nerve, popliteal vein 
and popliteal artery, 


Branches to the genicular rete (see p. 72): 
Lateral AC4 and medial ACS superior 
genicular arteries, and lateral AC6 and 
medial AC7 inferior genicular arteries. 


The medial genicular artery A8 perfo- 
rates the capsule of the knee joint and 
Supplies the connective tissue space with- 


in it. The sural arteries supply the calf 
muscles, 


: Olar arte 
anterior malleolar dite ry and lateral] 
tery. 
The dorsa/ arte 


the deep Peroneal nery 
tendon of 


branches and deep 
tween the Ist an 


Which go to the sole 


cial peroneal nerve C17, fibula C18, tibia 
C19, 


The posterior tibial artery is the larger of 
the two tibial arteries. It passes beneath 
the tendinous arch of the soleus muscle 
between the superficial and deep flexor 
muscles, runs behind the medial mal- 
leolus together with the tibial nerve and 
finally, covered by the abductor hallucis, 
it reaches the sole of the foot. 


Branches: The peroneal (fibular) artery 
AB20, that runs along the fibula to the 
lateral malleolus, supplies the soleus 
muscle and the peroneus muscles and 
feeds the lateral malleolar rete via lateral 
malleolar branches and the calcaneal rete 
via calcaneal branches (the retia are link- 
ed to the posterior tibial artery). 


The medial malleolar branches run from 
the posterior tibial artery to the medial 
malleolar rete, and the calcaneal 
branches to the calcaneal rete. 


The medial plantar artery BD21 gives off 
a superficial branch to the great toe (hal- 
lux) and a deep plantar artery to the 
plantar arch D22. 


The /ateral plantar artery BD23 crosses 
the quadratus plantae muscle, and de- 


scends deep to the lateral border of the 
foot. 


The deep plantar arch D22 anastomoses 
With the deep plantar branch from the 
dorsal artery of the foot. The deep plan- 
lar arch gives off the plantar metatarsal 
arteries D24, from which arise the com- 
mon and proper plantar digital arteries 
D 25 to the toes, and perforating branches 
to the dorsal metatarsal arteries. Com- 
Pare B with A, CandD. 
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Subcutaneous Veins 


The deep veins run accompanying the 
arteries. These are paired veins (venae 
comitantes) with small and medium sized 
arteries, such as those in the arms and 
legs. These veins are not discussed sepa- 


rately but they are shown in the illustra- 
tions of the arteries. 


In contrast, subcutaneous veins follow a 
course independent of the arteries. They 
form a widespread venous network in the 
subcutaneous connective tissue betw 
the skin and the muscle fascia. Some 
larger named veins form communications 
with the deep veins by perforating the 
fascia. Congestion of the deep vei 
be relieved by drainage of blood i 
subcutaneous veins, which aid reg 


of intravenous Pressure and bo 
perature. 


een 


ns can 
nto the 
ulation 
dy tem- 


Clinical Tips. Con 
of the legs (deep 


of these veins makes t 
elongated and tortuous. 
When there is 
the paraumbilical veins m 


nlargement of the mammar 
glands in Pregnancy, the vein : 


S of the breasts 
numerous and engorged. 


The blood fonveys body heat Which js 
é y chemical] reactions Mainly 
in the muscles and liver. Infrared photo- 


ftaphs of the body surface therefore 
Show the subcutaneous venous network 
most spectacularly, 


Trunk: At seven 
Subcutaneo 
Order to pj 


| Points on the trunk the 
US Veins conve 


Groin: Th 
AD2 


Pigastric vein 
rcumflex vein 
Pudendal vein 


AD4 and the grvat saphenous vein De 
pass through the saphenous hiatus of the 


fascia lata to drain into the femoral vein 
D1. 


Axilla: The thoracoepigastric AT and 
cephalic B8 veins drain into the ential) 
vein A6. Venous plexus around the areo- 
la of the nipple A9. 


Lateral cervical region: The anterior ju ‘se 
lar vein A10 and cutaneous branches 


from the breast drain into the subclavian 
vein. 


Umbilical zone A11: The DesGHI Ee 
veins perforate the abdominal wa : 
drain into the portal vein. This commun 


cation is of importance only in certain 
diseases, 


Arm: The basilic vein B12 runs along the 
little finger (ulnar) side of the forearm 
towards the brachial vein in the median 
groove of the biceps muscle. The cephalic 
vein BC8 runs along the thumb (radial) 
Side of the arm in the lateral groove of the 
biceps muscle and drains into the axillary 
vein B13 (the vein used for une, 
tion of the heart). The median cubita 

veins B14 lie in the cubital fossa and =n 
between the basilic and cephalic veins; 
they are used for intravenous injections. 


Leg: The small saphenous vein E15 runs 
behind the lateral malleolus along the 
lateral side of the calf and drains into the 
popliteal vein E16. The great fam 
vein D5 runs anterior to the medial mal- 
leolus, along the medial side of the leg 
and drains into the femoral vein D1. 
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Most important trunks of 
subcutaneous veins 
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Superficial Lymph Vessels of the 


Trunk and Lymph Nodes of the 
Arm and Leg 


Regional lymph nodes are the first to 
receive lymph from a region of the body 
or from an organ. A region of the body or 
an Organ may drain lymph into several 
different regional lymph nodes, and a 
lymph node may receive lymph from 
several organs. 


Mass lymph nodes lie proximal to the 
regional nodes and receive lymph from 
several of these nodes. 


Clinical Tips. The regional lymph nodes 
are the first to be affected by the spread of 
an infection along the lymphatics and by 
Seeding of a malignant tumour. 

The superficial lymph vessels Vary in their 
number and course. They pass to the 
regional lymph nodes in parallel with the 
subcutaneous veins. Most Subcutaneous 


lymphatics arise from intracutaneous 
ymphatic Capillaries, 


regional Subc 
€ trunk and th 
€XOr side of the 


The 
ort 


ulaneous lymph nodes 


Clinical Tips. Pathologically, lymph 
nodes may grow to one or morc centime- 
ters in diameter, they may becume visibly 
protuberant and may fuse to form an 
immobile mass. Lymph node palpation 
may often lead the diagnosis. 


Axillary lymph nodes AB1 and superfi- 
cial inguinal lymph nodes A2 are cs 
regional lymph nodes of the skin, of the 
trunk (anterior and posterior), the arms 
and legs, and are also the last point or 
entry of lymph into the lymphatics. The 
margin between the area which drains to 
axillary and that which drains to the 
inguinal lymph nodes lies in a girdle 
about the level of the navel. Lymph from 
the skin of the external genitalia, the 
perineum and anus drains to the inguinal 
lymph nodes. 


The superficial B3 and deep C4 cubital 
lymph nodes lie at the elbow joint. 
deep lymph vessels of the arms, whic 
follow the course of the arteries, receive 
subcutaneous lymphatics even in the 
hand. Some lymphatics from the thumb 
and the extensor side of the hand D pass 
directly to the axillary lymph nodes. 


The superficial G5 and deep H 6 popliteal 
lymph nodes lie in the popliteal fossa. 
Some deep lymph nodes lic in front of the 
interosseous membrane and below the 
patella F7, Lymphatics from the great toe 
and the extensor side of the foot E run 
directly to the inguinal lymph nodes. 
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Lymph Vessels (Lymph Nodes) 
of the Head and Neck, and the 
Deep Lymph Vessels (Lymph 
Nodes) of the Trunk 


The lymphatic drainage of the various organs 
and the regional | ymph nodes of the viscera 
are discussed under the appropriate organs. 


The lymph nodes for the forehead an 
eyelid lie in front of the 


€nt area, the 

» SUrround the 

Neurovascular trun deep in the neck, 

ymph from the base of the tongue and the 
tonsils flows directly j 


this froup, th 
nodes, 


The axillary 


STOUPS Which receive lymph from the arm, 
Chest wal] and 


Situated beneath 
Minor Muscles A 


a 
the Clavipectoral fasci 
border Of the 


er 
Mammary land are the - 
Sternal lymph Nodes A 13. Whic cai 


lymph from the liver, diaphr 
d htercostal SPaces, So 


d a 

Pular | Mph nodes 
a e Cep lympha IC Vessels of the wall 
Of the trunk lie s tal] ether with 
the Intercosta] blood y Ssels; the n des lie jn 
wee Stal s Ces On ej CT side of the 

n 

the sent” - Paravertebra| £TOup) and 


Tasterna] glands) 4 13, 





The bronchopulmonary lymph nodes ” 
are collection nodes for lymph cranes 
from the lungs. Pretracheal and pu pst ies 
lymph nodes B18 lie under pe ig 
bifurcation of the trachea B17 and a ee 
Other lymph nodes are situated ee aon 
terior and posterior mediastinum . 
pulmonary lymph nodes. 

The superficial inguinal lymph pte! 
tinue in groups of lymph nodes si nie 
along the external and internal iliac : ah 
external, internal and common iliac ee 
nodes B21and the aorta, right and left ‘ a 
bar lymph nodes B22. Afferent ibn . 
this group come from the pelvic orga By 
the intra- and retroperitoneal — any 
The celiac (pre-aortic) lymph nodes es 
around the celiac trunk are ges 
Lymph from the liver, gall eae 
Stomach, spleen, duodenum and pa 
drains into them, 


Lymph from the entire abdominal ny 
flows via large lymphatic trunks, the in 
festinal C25 and lumbar C26 yeni ae 
frunk, into the cisterna chyli C27, _ 
lies between the aorta and the vertebra 
column at the level] of the aortic hiatus. 
The thoracic duct C28 arises from - 
cisterna chyli. It ascends in front ve : 
thoracic vertebral column, crosses be 
hind the aorta to the left side and agen 
the left venous angle from above an 
behind (see Pp. 50). On its way it receives 
intercostal lymph vessels. The ‘sete 
lymph vessels drain into the left etn 
angle, either direct or via the thorac 
duct: the jugular trunk C29, which ge 
the left side of the head and neck, the 
bronchomediastinal trunk C30 draining 
the left half of the posterior ee 
and the left lung, the subclavian trun 
31 from the left axilla and the left mn 
The lymph from the right side of the <n ; 
and neck, from the right axilla, the righ 
arm and from the right half of the meet 
and posterior mediastinum, ee ie 
right lung, drains via the right lymphati 
duct C32 into the right venous angle. 





k 
Lymphatics of Head, Neck and Trun 
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Blood and Defense Mechanisms 


The blood is the medium for the exchange of 
gases and metabolites between cells — the 
supply of oxygen and nutrient materials and 
the removal of metabolic waste products and 


2 It also assists in maintaining the 
equilibrium of the “milieu interieur” 


homeostasis), i. €., the electrolyte and wa- 


ter balance of the body and serves for trans- 


port of heat, hormones, antibodies and de- 
fense cells. 


Blood 


Blood is a concentrate of blood cells and 
platelets in the blood plasma. The blood 


hich are 
> alpha, beta, and 
latter functioning 
rinogen), 

The blood Corpuscles: The req blood 
corpuscles, erythrocyt 


Port of gases: the whit 


Pratelets, thrombocy 
lood Clotting System, 


Erythrocytes, Their number 
the O, requirement of th 
Supp y. A Considerable 


depends on 
€ body and O, 
increase (poly- 

(anemia) is 





tions (“thornapple form”) and they ie 
in hypotonic solutions, when the normal 
Opaque appearance of the blood becomes 
translucent. 


Blood groups. The erythrocytes are mays 
ered by a layer of glycoprotein, the gly- 
cocalyx, which determines the blood 
group (functioning as a blood-group man 
gen in the ABO system) and against whic 
foreign blood may contain agglutinins. 


Disintegration. Erythrocytes have a life 
span of 3—4 months and are then broken 
down mainly in the spleen. Bile pigments 
are formed from the iron-free part of the 
hemoglobin and the iron is recycled for 
erythropoiesis (iron circulation). 


Leukocytes. The number of leukocytes 
varies at different times of the day. An 
increase to more than 10000/mm° 
(leukocytosis) is pathologic in adults, 
€.g., in inflammations or in tumor 
growth; a reduction to below 2000/mm 
(leukopenia, agranulocytosis) is igo 
pathologic and may, for example be 
caused by damage to the erythropoietic 
system. The leukocytes include granulo- 
cyles, monocytes (see p. 86) and lympho- 
cytes (see p. 86). 


Granulocytes. Neutrophils, eosinophils 
and basophil granulocytes are differenti- 
ated by the staining properties of their 
cell granules. Neutrophil granulocytes 
(cell nucleus segmented 3 to 4 times) 
contain small granules — azurophilic 
granules with lysosomal enzymes - 
Peroxidase, and specific granules wit 
lysozymes and_ bactericidal sgernioieet 0 
Eosinophilic granulocytes: the strongly 
acidophilic large granules, Which stain 
With eosin, also contain proteolytic en- 
zymes. Basophilic granulocytes also have 


large granules which contain heparin and 
histamine. 


Thrombocytes. The thrombocytes 
(platelets) disintegrate easily and liberate 
thrombokinase, a group of enzymes 
Closely concerned with blood clotting. 
They also transport the local vasocon- 
Strictor serotonin. Thrombocytes _are 
1—3um in size. They do not contain a 
nucleus and so are really cell fragments. 
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Blood cells 
(from Faller) 
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A Derivatives from red bone mar 
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Red blood corpuscles 
(erythrocytes) 
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B Derivatives from lymphatic org 
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Numbers of Blood Cells 
One ul of blood contains: 


4.5—5 million erythrocytes 
4000-8000 leukocytes of which: 


granulocytes: neutrophils . — 
with segmental nuclei 55 “toe 

“rod” or “stab” neutrophils 2 a 3% 

eosinophils 2.5— 3% 

basophils 0.5- 1% 

monocytes: 4 — 5% 
lymphocytes: 36-20% 


200,000-300,000 thrombocytes 


Ones, in the connective Ussue of the liver 
and in the Other Sites of fetal 
hemopoiesjs. 


The total Weight of bone marrow is about 


2600 B. Or about 4.6% Of the bo 
e 


1, as wel] 
he bo 


(Megakaryoc fi one marrow 
SPonsible ey B2 (which are re- 


Mmon Pluripotentia) stem cell of 
ig Is the hemocytoblasy It 
ut 


“Nar acteristic and notPhologically 
e a mi 


Hemopoiesis during fetal life. The fol- 
lowing periods of hemopoiesis can be 
distinguished C: 


Megaloblastic period: The very earliest 
erythropoiesis starts in the extraembry- 
onic connective tissue of the yolk sac and 
abdominal ridge of the germinal tissue, 
about 2 weeks after fertilization. The 
blood corpuscles are large nucleated 
erythrocytes, megaloblasts. At this stage 
leukocytes are absent. The megaloblastic 


Period lasts until the end of the third 
month. 


Hepatolienal period; Toward the end of 
the second month hemopoiesis starts in 
the liver and spleen and to a less extent in 
the lymph nodes. Leukocytes now appear 
and the erythrocytes attain the normal 
adult size. The hepatolienal period ends 
before birth. 


Medullary (bone marrow) period: During 
the Sth fetal month hemopoiesis com- 
mences in the bone marrow in all bones. 
This is the final site of hemopoiesis 
throughout life, in the red bone marrow. 
Lymphocytes are formed in the 4th 
month first in the liver and then in the 

One marrow. From there they migrate 
Partly into the thymus and thence (as T 
lymphocytes) into the lymphatic organs 
in which they multiply, and partly they 
leave the bone marrow (as future B lym- 
Phocytes) to pass directly into the 
Peripheral lymphatic organs. Even after 

irth, lymphocytes migrate from the 

One marrow into lymphatic organs 
(specific defense system, p. 88). 
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86 Blood and Defense Mechanisms 


Origins of the Cells of the Blood 
and the Denfense Systems 


The cells of the blood and the defense 
Systems originate partly in the bone mar- 
row (hematopoiesis): (erythrocyro-, 
granulocyto-, monocyto-, lymphocyro-, 
thrombocyropoiesis, or erythro-, 
granulo-, mono-, lympho-, und throm- 
bopoiesis for short) and Partly in the 
lymphatic organs (cells of the im- 
munological system). The common stem 
cell of all blood cells is the hemocytoblast 
1, Two cells are Produced during its 


unipotential Precursor cell whj 
the beginning of a cell Jine (erythro-, 

0-, lympho-, throm- 
influence of active 


Erythropoiesis. About 30 
blood cells of the bone m 
erythropoiesis. The erythrob) 


“‘emoglobin an SO beco 
s mes 
acidophilic throblasts are grouped 


Is (see P. 88) which are 
- They supply 





After their nuclei have been extruded they 
become erythrocytes 5. Erythrocytes which 
are not yet quite mature still contain a 
network-like residue of basophilic ribo- 
somes (substantia granulofilamentosa), re- 
ticulocytes 6. 


Granulopoiesis. Development proceeds via . 


the myeloblast 7, and pro-myelocyte 8 to the 
myelocyte 9, when the neutrophil, 
cosinophil (acidophil) or basophil granules 
appear. From this stage on three lines of 
granulopoiesis (neutrophil, shown here, 
eosinophil, basophil) can be distinguished, 
Which lead via the metamyelocyte to the 
polymorphonuclear leukocyte  (granulo- 
cyte). The nucleus of the metamyelocyte 10 
becomes elongated and the cell develops 
into a granulocyte with a horsehoe-shaped 
nucleus 11 which is not yet quite mature. 
With increasing segmentation of the nucleus 
eventually the mature, polymorphonuclear 
granulocyte 12 develops (criterion of maturi- 
ty). The nucleus consists of 2—4 segments 
which are connected by extremely thin (nu- 
cleogenic) threads: hypersegmentation of 
the nucleus (> 4 segments) is abnormal. The 
granulocyte now migrates through the walls 
of the bone marrow capillaries into the 
blood stream. The bone marrow contains a 
Store of granulocytes many times larger than 
the number of granulocytes circulating in the 
bloodstream and which can be quickly 
mobilized if required. 


Monocytes 13 stem from monoblasts 14 via 
Promonocytes. 


Thrombopoiesis. The megakaryocyte 15 
(giant cell of the bone marrow), the precur- 
Sor of the thrombocytes (platelets) develops 
Via the intermediate forms, the megakaryo- 
blast 16 and the immature megakaryocyte 17. 
egakaryocytes have a diameter of more 
than SOum and contain a large lobulated 
nucleus. Granules in their cytoplasm move 
into peripheral, pseudopodialike protru- 
sions and ultimately, thrombocytes 18 are 
separated off. After repeated thrombocyte 
formation the megakaryocyte dies. 


Lymphopoiesis. The precursor cell which 
is still immunologically incompetent, 
When it leaves the bone marrow and later 
mMOves to lymphatic organs, becomes the 
differentiated (T- or B-) lymphocyte 19. 
After primary contact, they produce a 1 
or B-immunoblast 20, which by T dif- 
ferentiation produces immunocytes 21, or 
by B differentiation produces plasma 
cells 22, or memory cells 23 either of T- or 
B-cell type (see p. 90ff). 
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Defense Systems 


Reticular connective tissue A, the basic 
tissue of the lymphatic organs and the 
bone marrow, is a spongy conglomera- 
tion of cells formed by fibroblastic re- 


ficulum cells reinforced by reticulum 
fibers. 


The reticulum cells are not uniform in 
their functions. Fibroblastic reticulum 
cells form fibers, histiocyte reticulum cells 
are phagocytic, and two other types of 
cell have a “guide function” in the settling 


of T- and B-lymphocytes in the lymphatic 
Organs. 


lood cells and the 
Urs in the meshes of 


The defense S 


ystems defend the body 
Om invading 


Ve pathogens. There is a 
nonspecific and a Specific resistance 
System, 


Ulrophil eran ulocytes, 


Carly stages in infla 
Matory foc} attacked 5 nd 
Substances released i ipeciaey 


franules, At 
Oduce Proteolytic 
ammatory infil]- 
- This kills the 


clude the Kupffer cells of the liver and the 
histiocytic reticulum cells in the spleen, 
lymph nodes and bone marrow. Macro- 
phages phagocytose foreign materials in 
the body and break them down in part 
enzymatically. The cells are now known 


collectively as the mononuclear . 


phagocytic system, MPS (formerly 
known as the reticuloendothelial system, 
RES, or reticulohistiocytic system, 
RHS). They also play a decisive role in 
the specific defense system. Among the 
macrophages derived from monocytes 
are osteoclasts, which absorb and remove 
bone, and mesoglial cells, defense cells in 
the central nervous system. 


Specific Defense System 


The specific defense system or immune 
system works quite differently from the 
nonspecific system. It enables the organ- 
ism to distinguish its own proteins from 
foreign proteins, antigens, in the longer 
term, and to produce specific antibodies 
against them. 


Foreign antigens (pathogens, foreign al- 
bumins) which enter the body, react with 
antibodies produced there. The anti- 
Senantibody reaction is a chemical pro- 
cess. It is specific. Each antigen evokes 
the production of an (antigen-homolo- 
gous) antibody specifically against itself, 
Which may be reproduced after a long 
Period, even up to decades. It gives the 
body immunity against that particular 
antigen, and this immunity may continue 
for several years, The specific defense 
system is principally situated in the lym- 
Phatic organs, 


The cells of the specific defense system are 
the immunologically competent T- and B- 
lymphocytes, They perform their func- 
tions in association with the accessory 
cells of the specific defense system (macro- 
Phages, specialised reticulum cells of 
lymphatic Organs). The T- and B-lym- 
Phocytes represent the two arms of the 
immune system, the cellular and humoral 
immune responses. Both types of lym- 
Phocyte arise initially from the stem cells 
of the bone marrow and develop their 
defence characteristics (immunocompe- 
tence) stepwise through precursor cells. 





B Phagocytosis of chain of streptoc 
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C Neutrophil granulocyte (leukocyte) 
with phagosome 





Microscopic section through 
reticular connective tissue 





occi by neutrophil granulocyte 
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Cells of the Specific Defense 
System 


The cells of the specific system, the im- 
munologically competent 7- and B-lym- 
phocytes, A, fulfill their functions in co- 
operation with the accessory cells of the 
specific defense system. 


The T-lymphocytes (thymus-dependent 
lymphocytes) undergo selection in the 
cortex of the thymus. Only those T-lym- 
phocytes lease the thymus that can “rec- 
ognize” the body’s own (autologous) tis- 
sues and tolerate them (general T-lym- 
Phocyte tolerance of Self, i.e. of the 

Ody’s own tissues) and can 
sistance Only against non- 
hymus either as 
regulatory cells (T-helper cells or T-sup- 
Pressor cells) or as cytotoxic T-cells and 
migrate in the bloodstream into the T- 


ayS available 
lymphocyte re- 


cells stimulate B-lympho- 
uce and Secrete antibodies, 


“a4. > CCll membrane-boy d 
factors or Indirectly by soluble helps: 


IS “Presented” to them b 
alle 


T-s “PPressor-cells ma 
Conditions, 


troy anti- 
€ct contact (“cellular 


ne Tesponse”) yw 
being damaged, They in vu themselves 


-helper Cells. eee aia ” 
The SPECificity of 
i developes a Benes these functions 
vie 


becomes activated into a proliferating T- 
immunobla;: B. “Memory cells.” too, 
which are able to recognize the provoking 
antigen, are produced during prolifera- 
tion (cell multiplication) of T-immuno- 
blasts. 


The mature B-lymphocytes (bone mar- 
row lymphocytes) have antigen receptors 
(immunoglobulin) on their membranes. 


The primary contact (by activation with 
T-helper-cells) may lead directly or indi- 
rectly to plasma cell production. Plasma 
cells produce and secrete humoral anti- 
bodies (“humoral immune response”). 


Plasma cells are large, basophilic cells 
with a nucleus containing chromatin 
Shaped like the spokes of a wheel (C light 
microscopy, D electron milorascopy. 
Plasma cells produce large amounts 0 
immunoglobulins, which are discharged 
into the connective tissue and reach the 
antigen via the blood stream. They com- 
bine with the antigen and destroy it. The 
humoral immune response proceeds 
rapidly in a matter of minutes or hours. 
D1 ergastoplasm = the site of immuno- 
globulin formation. C magnification 
about x 1000. 


In direct plasma cell production, pro- 
liferative B-immunoblasts develop from 
B-cells and from these identical daughter 
cells are formed (clone formation) which 
then differentiate into plasma cells. 


Indirect Production of plasma cells slag 
in lymph follicles by the formation oO 
germinal centers (secondary follicles). 
The B-lymphocyte develops (through in- 
termediate stages of centroblasts and 
centrocytes) into the “memory cell, 

forming receptors for the antigen con- 
cerned, and then (even years later) after 
renewed contact with the same antigen 
{secondary contact) it reacts rapidly by 
differentiation into plasma cells. 


The “natural killer cells” (NK cells) are a 
third type of lymphocyte in the immune 
System, as yet little investigated, which can 
have cytotoxic effects without maturing in 
the thymus. 


E Macrophage, E2 Phagosom. 
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A Small lymphocyte B Large lymphocyte 


C Plasma cells, light-microscopic 
appearance 


D Plasma cell, 
electron-microscopic 
appearance 


E Histiocyte with phagosome 
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The accessory cells of the immune system 
are required for the course of the immune 
response. The phagocytic accessory cells, 
macrophages may amongst other ac- 
tivities “present” antigens to jm- 
munocompetent lymphocytes, The non- 
Phagocytosing accessory cells (specific re- 
ticulum cells) permit settling of T-lym- 
phocytes as interdigitating reticulum cells 
(in the T-region) and B-lymphocytes as 
dendritic reticulum cells (in the B-region) 
in the lymphoid organ. The M cells in the 
intestinal mucosa and Langerhans cells in 
the epidermis are also counted as inter- 
digitating reticulum cells. 


Lymphatic Organs 
Different roles of the immunobiolo 


gic sys- 
fem are allocated to different lymphatic 
organs, — thymus, | 


ONsists of ty 


a 9 Oval lobes 
oe * MIs situated ; 
mediastinum aboy ed in the 


During childhood, the superficial surface 
the thymus is arranged in lobules, we 
hang on a common, central vascular cord. 
These are, in turn. composed of smaller 
lobules in which microscopically a cortical 
and a medullary zone can be distinguished, 
see p. 94. Al Innominate veins, A2 heart, 
red triangle = triangular outline of thymus. 


T-lymphocytes (thymus lymphocytes) 
reach the cortex of the thymus as I 
Precursor cells, thymocytes where they 
mature into regulator cells (T-helper 


cells, T-suppressor cells) and cytotoxic T- 
cells, 


T-lymphocyte selection. Each human body 
develops two classes of specific some) 
Proteins of the major histocompatibi a 
complex (MHC) that are unique to itsell. 
These enable the cells to identify opiate ae, 
as autologous (self). All cells are marke 
with the MHC class | protein, and the im- 
mune system’s accessory class (e. Gx ORCS 
Phages), which “present” foreign fe 
bodies, are additionally marked with MH 
class II proteins. T-lymphocytes develop 
receptors to recognize these autologous 
MHC proteins, the cytotoxic T-cells develop 
receptors to recognize MHC class I compen 
and T-helper cells additionally develop 8 
ceptors for MHC class II proteins. The 
receptors arise through more or less random 
Variation, so that a selection process in the 
thymus cortex becomes necessary. Every 
day, billions of newly formed T-lymphocytes 
are confronted with autologous MHC Fa 
teins, and Only those they “recognize DY 
their receptors (i. e., those that en wer 
liate between autologous and foreign MH 
antigens) are released into the blood to 
mediate the cellular immune response (reg- 
ulator cells and cytotoxic T-lymphocytes). 
The remainder are destroyed. The cytotoxic 

“cells then only attack cells with foreign 

C proteins, as well as cells that have an 

“alienated” autologous protein (c.g., those 
affected by viral infection). The Veen ee 
cells, with the help of their MHC class 
receptors, recognize a foreign antigen jae 
sented by autologous accessory cells as ae 
“foreign,” and then activate defense cells 
against it, e, g., B-lymphocytes. 


When failures occur, as when T-lympho- 
cytes erroneously fail to recognize autolo- 
£0us cells—either because their MHC protein 
is “alienated” or the lymphocyte receptor 
does not “fit’~self-destructive autoimmune 
diseases result: allergies, rheumatoid arthri- 
lis, multiple sclerosis, etc. 
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A Position of thymus 
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D Thymus in adult 


C Thymus in 2-year-old child 
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Microscopic Structure of the 
Thymus 


The thymus of the child has a characteris- 
tic structure. The lobules are attached to 
vascular cords; in each lobule the medulla 
Bl and cortex B2 are distinguishable. 


Cortex. The stroma B3 has the appear- 
ance of a loose reticulum. It is arranged 
like an epithelium towards the surface 
and the margins of the lobules. The re- 
ticulum of the tissue js densely filled with 
T-lymphocytes B4. Inthe marginal zone, 
Immediately beneath the Capsule, lym- 
Phocytes which have migrated into the 
thymus multiply. The Population of small 
lymphocytes in the cortex of the thymus is 
renewed every three to four days. Lym- 
Phocytes from the thymus enter the blood 


though in smaller 


Medulla. In the medull; f 
i mene ulla the network of 


is Narrower than that ofthe 
Cortex and there are few 


25000 


Puscles may 
disappear or 


- +e stroma o 
ymus js S€parate ts a camghes 


other lymphatic organs by a blood-thy- 
mus-barrier (which is probably confined 
to the cortical area). Antigens are trap- 
ped in the walls of the vessels and do not 
penetrate into the thymus. 


Function. The importance of the thymus 
lies in the development of the different T- 
cell subgroups and in the formation of the 
humoral thymic factors. The removal of 
the thymus in newborn mice produces a 
Wasting syndrome which leads to death 
within two weeks. The lymphatic organs 
contain very few lymphocytes, are abnor- 
mally small and have no germinal cor 
ters. The spleen does not form follicles 
and the blood lymphocyte count is low. 
There is an immunobiologic insufficiency 
Which affects cellular immunity to a 
greater extent than humoral immunity. 
The longer removal of the thymus is 
delayed, the less severe the syndrome. 
Comparable pathologic states may be 
observed in man due to aplasia, hypo- 
plasia or hypofunction of the thymus. A 
humoral thymus factor, thymopoetin, 
stimulates differentiation of the peripher- 
al lymphatic organs. 


Postpubertal involution (age involution). 
From the 18th year onwards thymic tissue 
undergoes a process of involution to be- 
come the thymic remnant (still function 
al) and is partly replaced by adipose 
tissue C6 (adipose body of the thymus, 
lipomatous atrophy). 


Accidental involution which may be due 
to infection, malnutrition, radiation etc., 
goes hand-in-hand with emigration of 
lymphocytes from the cortex and shrink- 
age of the entire organ. In infections, the 
number of Hassal’s corpuscles increases 
considerably — infection type, and in meet 
nutrition they decrease — hunger type 0 

accidental involution. In cases of sudden 
death in children an abnormal enlarge- 
ment of thymus is occasionally found 
(status thymolymphaticus, “thymic 
death”) due to misdirected immunologic 
Processes. 
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Lymph Nodes 


Lymph nodes are found along the course 
of lymph vessels and act as biological 
filters. Lymph nodes near to organs 
which are the first to receive lymph from 
an organ or from a limited region are 
called regional lymph nodes. Lymph 
nodes which receive lymph from several 


Tegional lymph nodes are called collecting 
lymph nodes. 


A lymph node or gland (nodus lym- 
Phaticus) is usually covered by a fibrous 
Connective tissue capsule B1 so that it 


The reticular con- 

nective tissue forms a marginal sinus 
below the Capsule, lined by flat- 

tened cells, which is transversed by soli- 

tary reticular cells. Radial sinuses (inter- 

Mediate sinuses BC6) lead 

tral sinuses of the 


both lymphocytes 


ich Main] 
IO 


rt), 


- The cor. 


i 
©¢ by lymphatic ¢; 
tical puted by ymphatic tissue Ak 
follicles are highly vascularized by 


circular vessels. In C an oval encloses the 
B-lymphocyte zone of a segment and a 
circle shows the T-lymphocyte zone. 


The lymph is in contact with lymph node 
tissue over a wide areca. Foreign bodies and 
pathogenic microorganisms are phagocy- 
tosed by macrophages (“biological filter”). 
Cancer cells may establish secondary de- 
POsits (metastases) in lymph nodes. Inflam- 
matory processes lead to swelling and pain 
through distension of the capsule. Lympho- 
cytes enter the blood stream with lymph 
from the vas efferens AB4., Lymph nodes 
are the most important source of lympho- 
cytes during postfetal life. 


“Epitheloid venules”, postcapillary 
veins, whose endothelial cells take on the 
form of cuboidal epithelial cells, are the 
region in which lymphocytes recirculate. 
Epithelial venules are the characteristic 
structures of the lymph nodes, tonsils and 
the lymphatic tissue of the intestine. 


Lymph. According to investigations done 
on Cats, lymph distal to lymph nodes can 
be virtually devoid of cells or it may 
contain from 200 to 2000 lymphocytes per 
mm’. When lymph leaves a lymph nodes 
it contains 1500—150000 cells mm’. 
Whilst the efferent lymph of non-stimu- 
lated lymph nodes contain only 
about 1% of newly formed lymphocytes, 
60 hours after antigenic stimulation of a 
lymph node almost 100% of lymphocytes 
are newly formed. Thus, as a conse- 
quence of the immune response pro- 
voked by the antigen, the efferent lymph 
carries specifically sensitized lympho- 
cytes and plasma cell precursors into dis- 
tant, nonregional lymph nodes. 
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A Lymph node 


D Lymph follicle (magnification of 
upper square in C) 


C Section through lymph gland 


E Cortical sinus (magnification of 
lower square in C) 
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Spleen 


The spleen (lien) is interpolated into the 
bloodstream A. It is the size of a fist, is 
bluish-red in color, soft and shaped like a 
coffee bean. The spleen is 10—12cm 
long, 6—8cm wide, 3—4c¢m thick and 
Weighs 150-200 g. The organ lies at the 
back in the left upper abdomen below the 
diaphragm, at the level of the 9th—-11th 
rib, with its longitudinal axis parallel to 
the 10th rib A1. A2 Lower border of the 
lung, A3 lower border of the pleura. 


The upper diaphragmatic surface, facies 
diaphragmatica B, is convex and upward- 
facing, and the faceted lower surface, 


is concave and down- 
Ward-facing. The anterior superior mar- 


The hilum is the point of entr 


the vessels and Nerves: it js sj 
. ’eS} itis Situated 
visceral surface C. I; ; at the 


8ated and extend 


Spleen is covered by the 
Pea oneum and lies intraperitoneally 
© 84strosplenic ! 


the hilum Of the 
Curvature of the 


ligament. The s>lenorenal ligament is 
shorter than the gastrosplenic ligament 
and contains the splenic artery and vein 
C11. It extends to the diaphragm. The 
spleen is displaced during breathing. If 
the body lies on its right side the spleen 
can follow the traction of the abdominal 
viscera and move a little lower down and 
forward. 


Accessory spleens are derived from scat- 
tered splenic anlagen. They are either 
solitary or multiple and are the size of a 
pea to a chicken egg. They lie mainly 
beside the main spleen or along branches 
of the splenic artery, or they may appear 
at the greater curvature of the stomach, 
in the great omentum or elsewhere. 


Blood vessels and nerves. The splenic 
artery (see p. 240) runs behind the upper 
border of the pancreas D7 to the left 
(splenorenal ligament) and to the hilum 
of the spleen. It has a thick muscular wall 
and is often very tortuous. The first 
branches arise in the splenorenal liga- 
ment so that the artery enters the organ 
With 6 or more branches. The splenic vein 
is composed of several veins from the 
spleen and is one of the 3 great root veins 
of the portal vein, see p. 250. The lymph 
vessels come partly.from the subserous 
connective tissue. Lymph vessels around 
the proximal parts of the central arterics 
and in the trabeculae show fluid flow in 
the opposite direction to the blood 
stream. The lymph nodes are: the pan- 
creaticosplenic and celiac lymph nodes, 
sce p. 80. The nerves contain viscerosen- 
sory and viscero- or vasomotor nerve 
fibers from the celiac plexus. The myo- 
fibroblasts of the splenic trabeculae and 
the trabecular arteries (up to the divisions 
in the lymph tracts and the follicles) are 
Supplied by adrenergic nerve fibers which 
contribute to the contractility of the 
trabecular-capsular system. 





Position of spleen 
in relation to body 





Spleen seen from above 
5 gachracn nic surface) 


C Spleen seen from below: 
hilum of spleen 


Spleen 101 






D Position of spleen in relation to 
peritoneum and abdominal 
viscera (horizontal section 
through upper abdomen) 
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Fine Structure of the Spleen 


Capsule and trabeculae. The spleen has a 
connective tissue capsule AB1. The fi- 
brous elastic tissue trabeculae B2 extend 


from the hilum to the Opposite area of the 
capsule, 


Pulp. A blood-containing substance, the 
“red pulp” A3, may be scraped off the cut 
surface of the spleen. Pinhead-sized., 
Whitish spots, together known as the 
“white pulp” A4 then remain. The red 
Pulp, which is mostly formed of the si- 
Nuses of the spleen, makes up about 77% 
of splenic tissue. In the adult, the white 
pulp, lymph follicles and lymphoid cords 
comprise about 19% of the volume, 
about a third of its lymph follicles. 


10000-20000 in the spleen of a 20 year 
old person, 


Blood vessels. The structure of the spleen 
18 determined by the arrangement of the 


major arterial 


: Macroph 
chweigger-Seidel sleoy p ages, the 


broad Splenic sj 

( int 

Open Circulation”). ew capillen 
Y into the <j 


€ sinus of t 
Spleen (“closed “rculation”) . 


The sinuses communicate with one 
another like a loose net by connecting 
channels. The sinus wall is composed of 
three elements: (1) a layer of spindle 
shaped endothelial cells Ci4, whose nu- 
clei project into the lumen, (2) an incom- 
plete basal membrane in the form of circu- 
lar fibers, and (3) an incomplete, outer 
layer of special reticulum cells C15. The 
sinus is held together by circular fibers 
C16 and is surrounded by reticular tissue 
C17, which forms the pulp cord around 
it. It contains cells of the immune system 
and blood cells (not shown in C). The 
sinuses open directly, or via veins of the 
pulp into the trabecular veins and these 
drain into the splenic vein. Blood cells in 
the reticulum of the spleen are formed 
cither there (immune cells, lym- 
Phopoiesis) or arrive there through the 
capillaries which freely enter the re- 
ticulum of the spleen (“open circula- 
tion”). Blood cells pass through the (tem- 
porary?) holes in the reticular network 
into the sinuses (C18 a penetrating eryth- 
rocyte). This is the pathway taken by 
newly formed blood cells into the bloo 
of the sinus. C19 Mitosis, C20 macro- 
phage. 

Lymph vessels come from the vicinity of we 
central arteries. Nerves are adrenergic, an 
also contain vasoactive peptides (neuropep- 
tide Y, VIP, substance P). 


Function. In the spleen, the vascular sys- 
tem is expanded and the blood flow is 
slowed. In this way the spleen can cause 
many changes in the composition of the 
blood. As an immune organ, the spleen 
takes part in immunobiological ace 
Ses. Blood formation: If the bone marrow 
becomes inadequate and in other disease 
Situations, granulopoiesis and eryth- 
ropoiesis restart in the spleen as they 
did temporarily during fetal develop- 
ment. Storage: The spleen can store ae 
Carded metabolic products and there-by 
become much increased in size (storage 
diseases), Blood cell destruction: An ex- 
fess of hemoglobin iron from blood cell 
breakdown may be stored in the spleen 
and may be apparent microscopically 
(hemosiderin), and in extreme cases mac- 
roscopically as brown staining of the or- 
an (hemosiderosis). In man the spleen 


" ? 
does not function as a blood storage 
organ, 
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A Section through spleen, 
general view. 
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Blood vessels of spleen 
(enlarged section from A) 
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Tonsils 


The tonsils surround the exits of the oral 
and nasal spaces into the pharynx 
(throat). They form a circie and have a 
Protective function by early activation of 
specific defense mechanisms. They form 
the “pharyngeal circle” of Waldeyer 
Which consists of the unpaired pharyngeal 
fonsil in the roof of the pharynx AC1, the 
Paired palatine tonsils AB2 on each side 


of the palatine arch AB3 and the lingual 


Marginal wall of lymphoc tes in th - 
Ondary follicles, w ic able 


‘Ward the epithelial sur 
S¢milunar Cap On the 


© tonsil js demarcat 


tonsil (tonsilla 
Protrudes from 





The palatine tonsils (ronsilla desi | 
AB2 have 10—20 crypts aud are covere 
by a stratified non-keratinized squamous 
epithelium. 


The lingual tonsil (tonsilla lingualis) A4 ‘ 
flat, has shallow crypts and is covered by 
a stratified, non-keratinized squamous 
epithelium. Into the crypts empty mu- 
cous glands, the lingual glands, which lie 
between the muscle fibers of the tongue. 


Lymphatic Tissue of the 
Mucous Membranes 


Lymph follicles occur singly or in groups 
in mucous membranes, especially in the 
intestinal mucous membrane. The gul- 
associated lymphatic system in the 
Stomach, small intestine and appendix 
mucosa E forms an independent organ 
complex which responds to ingested anti- 
gens. It consists of lymphocytes which ar 
diffusely distributed in the mucosal con 
nective tissue, and intraepithelial lympho- 
cyles particularly from the folliculi lym 
Phatici aggregati, Peyer's patches of the 
Small intestine and appendix mucosae 
E11. Where the latter occur there are nO 
villi or crypts, and they form an arch - 
dome. M-cells (membranous cells) pat 
ticularly absorb antigens from the intest!- 
nal lumen and present them to the utider’ 
lying lymphocytes and macrophages. “ 
lymphocytes Which have been stimulate 

in this Way migrate along the lymphatic 
Pathways and so spread the defensive 
response throughout the intestine. The) 
return via the bloodstream and then be 
come plasma cells, which pope 
form IgA as an antibody, which is linke 
to asecreted protein and released into the 
lumen of the intestine. Activated eae 
Phocytes also migrate via the lymph an 

blood into Other secretory organs (mam- 
mary glands, salivary glands, and lacri- 
mal glands) which also release IgA with 
their secretions. E12 Lumen of gut, E13 


Circular muscle layer, E14 longitudinal 
Muscle layer, 
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Respiratory System 


Under respiration we understand the 


blood and CO, from the bl] 
exhaled air. 


02, 0.03% Co, 


> €Nergy-poorer 
i released: The 


ts and Carbohydrates 
to H5O and CO,, 


xchange of £ases be- 
‘Ween air and blood. 


/ - One par air Passages is 
Situated jn the head: t upper "espiratory 
With the nasa 


tures. The other part is situated soa 
neck and in the trunk, the /or: er ne pe 
Ory tract: the larynx, trachea. bronc ae 
the lungs. In all parts of the respira nie 
tract the inhaled air is prepared, i. e., 


i d 
cleaned in various Ways, moistened an 
warmed. 


Unlike other mammals, the larynx “7 
trachea of adult humans do not an P 
ately follow the nasal Cavity, since t = 
have a longer pharynx and the pak a 
Position has produced a ee Gre 
bend with respect to the long oes O ee 
trachea. The larynx and nasal eavily ne 
separated by the middle (oral) part o = 
pharynx (mesopharynx). ae a 
mesopharynx provides a passage sin oa 
respiratory tract and the alimentary ca ra 
Which cross here in man, to permit t ; 
ingestion of food 1 the respiratory se 
must be closed for short periods for ei : 
lowing (see Pp. 206). 3 Trachea. In ne 
infant, whose pharynx Is not yj ‘ 
Stretched, breathing and ingestion - 
food can Proceed simultancously. , 

Hilum of lung: red = pulmonary veins, 
lue = pulmonary trunk and arteries. 
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108 Respiratory System 
Nose 


The external hose is thrown into relief 
against the lips and the cheeks by the 


S a Narrow car- 
1,28inous ledge, the vomeronasa} Carti- 
a8€ (Jacobs ’S carti 


tlage Forej 
re) 1€S which are i roduced a ieee 
a & this crest UPWard into the 
Of the nasal Cavity (N, Ti 
Ferloration Of the ethmoid bone ei 
aia Th dge has highly vas. 
: eee Ckening Of th Osa, Kies- 
a anh : Which bleeds €asily in 
cnebred a ies © septal 
S 
IS a Cavern anne 


seit ©ptum there 
Which can Narro 

atrium (vestibule) a evel ae i 
ft € nose is 


t the | 


Middle Meatus, The Septum 


frequently deflected to one side or the 
other ~ septal deviation. 


The external nares (nostrils) Icad into the 
vestibule of the nosc. This lics in the 
mobile part of the nose and is separated 
from the nasal cavity by a curved elcva- 
tion, the limen nasi B9. The vestibule has 
a circle of hairs, vibrissae, which curve 
Outward to guard against the entry of 
foreign bodies. The epithelium of the 
facial skin merges in the vestibule into a 
Stratified, squamous epithelium. Further 
up, at the limen nasi, it is replaced by 
columnar epithelium. 


Nasal cavity. The nasal Cavities are scpa- 
rated from each other by the septum and 
from the oral cavity by the palate. The 
lateral wall starts at the floor of the nasal 
cavity 10-15 mm from the septum. The 
nasal cavity narrows like a gable towards 
the top. Each nasal cavity ends in a 
Posterior nasal aperture, choana, which 
communicates with the throat (pharynx). 

€ floor of the nasal cavities is formed 
by the hard palate BC 10 (anteriorly the 
palatine process of the maxilla and pos- 
teriorly the horizontal lamella of the os 
Palatinum) and by the soft palate BC11 
(velum palatinum }. 


The roof of the nasal cavity is a groove 
Which slopes forward under the bridge of 
the nose towards the nostrils, and pos- 
teriorly along the anterior wall of the 
Sphenoid bone BC 12 in the sphenoeth- 
moidal recess toward the choanae. 


The lateral wall is enlarged by 3 eleva- 
tions, the conchae C13—15 (sce p. sas 
C16 frontal Sinus, BC12 sphenoida 


Sinus, C17 pharyngeal orifice of the Eu- 
Stachian tube, 





C Nasal cavity: 
lateral wall of nose 


Face: 


3 B Nasal cavity: 
nasal septum 
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110 Respiratory System 


Nasal Conchae and Meatus | 


The nasal conchae are thin bones which 
are covered by a mucous membrane. 
There is a nasal passage or meatus be- 
neath each of the three conchae, superior, 
middle and inferior. The inferior, the 
longest concha Al, consists of an inde- 
pendent bone B2. Into the inferior 


meatus A3 opens the nasolacrimal duct, 
Which collect 


| - The posterior ethmoi- 
al sinuses AQ draij 


©penings into the sup 


Openings Of the Nasal sinus are marked 
Ue arrows. 


© respiratory 
nd the middle 


on. The 
eon MUCOsa consists 
a Te ee umnar epithelium B13, 
, e 
4nd distribyt i oe Pharynx 


duced by the ws MUCus, Which js pro- 


£oblet Cells C45 
Small nasq/ 8lands BR OVer the ihe ols 
US traps dust Parti- 


muc 


cles and carries them away and it also 
helps to humidify inhaled air. The mv- 
cosa contains veins B17 which form a 
cavernous body, the cavernous plexus of 
the concha, in the wall of the conchae 
and, if this becomes engorged, the mu- 
cosa can swell to a thickness of 5mm, 
resulting in a obstruction of the nasal 
cavity anda “stuffy” nose. The veins give 
off heat to the inhaled air. The undulating 
movement of the cilia is coordinated. It 
can be observed in the living mucosa 
(c.g., roof of the pharynx of the frog) 
under the microscope. 


Olfactory region. Here the epithelium 1S 
composed of sensory and supporting 
cells. Below the mucosa lie serous olfac- 
fory glands, the olfactory glands of Bow- 
man and the non-myelinated fibers of the 
olfactory nerves, bundles of which run 
through openings in the lamina cribosa of 
the ethmoid bone toward the olfactory 
bulb of the brain A18 (cf. Vol. 3). 


The air stream passes mainly through the 
middle and inferior meati. On its Way It Is 
Sampled by the olfactory organ. Sniffing 
Produces currents which whirl air into the 
olfactory region and prolong its stay in- 
side the nasal cavity. Deformities of the 
walls of the nasal cavity influence the air- 


current conditions. A19 Orbit, A 20 nasal 
septum, 
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112 Respiratory System 


Nasal Sinuses and Meatus || 


The nasolacrimal 
canal A1 opens into the anterior part of 
the inferjor nasal meatus. If the head is 


nares (nostrils), and 
dit runs out through 
haryngeal Opening of 
(ostium pharyngeum 


2 lies in the extension 
of the inferior concha. 


Tecess beneath the 
mucous membrane 
Oramen, there j 


S a Opening ; 
Pterygopalatine fos Pening into the 


Sa, 


"Ne sphenoidal ¢; 
“Mlers it from be a i sinus 


(pon sinuses The sinuses of the nose 
a fa we Mainly develop after 
aiid mati Newborn Child the frontal 


are present as re- 


y developed 
thea i "8 Of the face between 

an re ye : © nasal sinuses 
Nas ich j 
MVaginated Where t ‘é Sa a 
Nose. The air <; rien 


: sinuses ; 
air, Infections Which are i on inhaled 


m 
Ifficult to getat 


may persist in the sinuses. The following 
sinuses are di‘ tinguished bilaterally: 


illary sinus (Highmor’s antrum) B9. 
aaar arm ihe orbit and its floor 1s 
separated from the roots of the oor 
and premolar teeth by a bony plate only a 
few millimeters thick. 


Frontal sinus AB5. The degree to which 
this extends into the frontal bone sm 
greatly and usually it is ct oppeetionge 
Near it lie the anterior cranial fossa an 
the roof of the orbit. 


The ethmoidal sinus consists of ethmoidal 
air cells B10. It develops at an early age. 
It borders on the orbit, the anterior cra- 
nial fossa and the nasal cavities and is 
separated from them in places by paper” 
thin bony lamellae. We distinguish an 
terior, middle and posterior cells. 


Sphenoidal sinuses B8. They are sepia 
rated by a sagittal septum, often incom 
plete. The roof of the sphenoidal sinus . 
formed by the sella turcica at the base o 
the skull. 











A Openings of nasal sneeee 
and nasolacrimal cana 


B Nasal sinuses projeoted on 
the surface of the sku 





114 Respiratory System 





Posterior Nares (Choanae) and veins communicate with the orbital veins; 

Soft Palate the pterygoid plexus and the venous si . 
, nuses of the skull, see p. 64. 

The posterior nares / choanae) are framed 


by the base of the skull. the vomer Al, The /ymphatics drain into lymph iad 
the pterygoid process of the sphenoid which are situated in front of the “a 
A2, the hard palate and the muscles of Cervical vertebra, on the greater horn 
the soft palate. The orifice of the Eusta- the hyoid bone and near the oe 
| chian tube A3 points toward the Choanae, gland. Nerves: Sensory fibers from the . 
hence the Possibility of spread Ofinfected and 2nd branch of the tr igeminal aaa 
| mucus from the nose through the Eusta-  Secretomotor postganglionic parasym 
| chian tube into the middle carifthe nose pathetic fibers from the carotid plexus. 
| is blown under pressure. The olfactory nerves are also involved. 


| 








ye l 
€ skull and 


¢ 





nx into 

iew from phary 

. pea As nares ‘hana 
aaa toward soft palate 





muscle A'7 Passes into 
the wall of the p arynx (see eglutition 
act of Swallowing, P. 206). 


n 
B Pharyngeal tonsil in the ech 
S aryngeal tonsil ARR (median sagittal section 
€ p. 104. BO Se a turcj ' roof of pharynx) 
Fcica, B10 dens of 
the 4X1, B11 soft Palate. 


Rhinoscop y.B 





b 
C Examination of choanae Dy 
posterior rhinoscopy 
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Larynx 


The larynx can shut off the lower airways 
from the pharynx (coughing, vomiting), 
All the laryngeal muscles except for the 
posterior cricoarytenoideus muscle take 
partin the closure. In addition, the larynx 
produces tones. The larynx consists of a 
cartilaginous skeleton With ligaments, 
Which carries the muscles and js mostly 
covered by mucous membrane. 


Skeleton of the Larynx 


The thyroid cartilage AJ consists of two 
quadrilateral laminae Which are fused in 
front like the bow of a ship. At the tip of 


» NE cricothyroid Joint 


agen ents: The thyroid and Cricoid carti- 
an ti around a transver is: 
arrows in A, Pp. 119. aes 


horn 


the vocal cord arises: on the lateral, mus: 
cular process AC9 the posterior and ‘, 
teral cricoarytenoid muscles are yo 
and the upper process, the apex oft rE 
arytenoid cartilage A.10 is inclined towar 

the midline and carries the corniculate 
cartilage (of Santorini), which produces a 
rounded eminence, in the aryepiglottic 
fold, the corniculate tubercle (see p. we 
The arytenoid cartilages, together sors 
the rolled upper edge of the lamina of t 
cricoid cartilage, form a cylindrical join 
On each side, the cricoarytenoid joint ie 
Tow). Its axis runs obliquely from dorso 
medio-cranial to ventro-lateral-caudal. 


Movements: Lateral gliding along the ree 
der axis by the arytenoid cartilages sage 
s¢paration or approximation by 2mm. aa 
ing around the cylinder axis produces ee 
elevation or lowering of the vocal pe 
turning around the vertical axis (loose — 
Capsule) alters the distance between t 
vocal processes (arrows in C, p. 119). 


The epiglottis A 11 lies against the sa 
of the internal (posterior) surface of t i 
thyroid cartilage (arrow). The aad 
has astem (petiolus) A12 which formst 

epigiottic tubercle beneath the mucosa, 
and an oval lamina, concave posteriorly. 
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Laryngeal Ligaments 


These may be divided into inner and outer 
laryngeal ligaments. The inner ones join 
the different parts of the laryngeal skele- 
ton together, and the outer ligaments fix 


the larynx between the hyoid bone and 
the trachea. 


Inner laryngeal ligaments. The fibroelas- 
tic membrane of the larynx is the mem- 
brane composed of a dense elastic fiber 
net which lies below the mucous mem- 
brane of the larynx and corresponds to 
the tela submucosa. It varies in thickness 
in the three areas of the larynx, 


In the region of the infraglottic Cavity it is 


called the conus elasticus (see p. 122). 
This is a short tube which begins with a 
found lumen on the inner side of the 
Cricoid cartilage and ends ina slit-shaped, 
Sagitally Orientated fissure b 


The vocal cords 


are the two, thickened, 
upper ends of th 


© conus elasticus. They 


WO Vocal cords form the 
elastic Wall of 


OL the tone Producing 
mechanism (“lip Pipe”) in the larynx, 


Cartilage and the lower 
border of the thyroid Cartilage, 


The quadrangular membrane ; 


Ormed part of the fib ae 
the larynx, Whic fee wast m 


h lies ene 
membrane of Vvestibu Sa an ucous 


lum of the | 


The vestibular ligament ( “false vocal a b 
see p. 122) is the lower, free margin e be 
quadrangular membrane. The ban - i 
Marginal zone of the membrane lies ne 
vestibular fold and is attached on both si 7 
to the anterior surface of the arytenol? 
cartilage and the inner surface of the bow ie 
the thyroid cartilage above the insertion 
the vocal cord. 


‘ oy pe f 
The elastic posterior cricoarytenoid voor 
medially strengthens the lax joint capsule 
the arytenoid-cricoid joint. 


The cricopharyngeal ligament extends are 
the corniculate cartilage to the posteri f 
surface of the lamina of the cricoid cartilage 
and more fiber tracts attach it to the pre 
tive tissue of the mucous membrane of the 
esophagus, which lies behind it. 


The thyroepiglottic ligament C2 attac ees 
petiolus of the epiglottis to the inner surface 
of the bow of the thyroid cartilage. 


External laryngeal ligaments. The A 
rohyoid membrane ABC3 stretches 4 
tween the upper margin of the kis can 
cartilage and the hyoid bone. Thickene 

fiber tracts of the membrane are amon 
the median thyroh yotd ligament (betwe : , 
the superior thyroid notch and the “ y 
of the hyoid bone AB 4) and the thyro if 
oid ligament BCS (between the ‘ee 
horn of the thyroid cartilage and a 
Posterior end of the greater horn of t ei 
hyoid bone). A small cartilage, t : 
triticeal cartilage BC6 lies in the thyrohy 

Oid ligament. 


ABC7 Epiglottic cartilage, ABC8 em 
horn of the hyoid bone, ABC9 grea 
horn of the hyoid bone. 
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Muscles of the Larynx 


The upper and lower h yoideus muscles (see 
Vol. 1) elevate, lower and tilt the larynx and 
fix it in position. Quite distinct from them 
are the laryngeal muscles which move vari- 
Ous parts of the larynx against each Other. 
According to Position and Origin they are 
divided into external cricothyroid muscles in 
front of the cricoid cartilage and internal 
laryngeal muscles inside the thyroid car- 


tilage. 
The cricothyroideus AJ arises On each 


bridge of the 
ds in two parts 


(arrows jn A). It 
d, diagram in A. 

The cricoarytenoideus Posterior BCD2 
(called “Posticus” clinically) arises on 
both sides from the dorsal surface of the 
ns laterally and up- 


ular process Of the 
arytenoid Cartilage B3, It pulls the mus- 


Ward and th is- 
Places the vocal ¢ oe 


Vocal cord = 
Margin of the elastic cone. 


The vocalis B6 arises from the posterior 
surface of the thyroid cartilage and runs 
within the vocal fold (the true vocal cord) 
to the vocal process B7 of the arytenoid 
cartilage. By isometric contraction the 
muscle controls the tension of the true 
vocal cord, thereby affecting the pitch at 
which it vibrates. 


The thyroarytenoideus CD8 is paired. It 
arises together with the vocal muscle, 
Which it continues laterally, and is al- 
tached by thin fiber tracts to the oe 
Surface and the lateral edge of the ary- 
tenoid cartilage. This muscle acts as a 
strictor of the rima glottidis eating 
mainly around the longitudinal axis). The 
thyroepiglottic muscle D9 consists of fiber 
bundles extending toward the epiglottis; 
it assists in constricting the entrance into 
the larynx. 


The arytenoideus obliquus and agree 
sus C10 consist of transverse and dorsa 
fibers crossing each other between the 
Posterior surfaces of the arytenoid aoa 2 
lages. They approximate the arytenol 
cartilages toward each other by a sliding 
movement along the upper rim of ey 
cricoid plate (diagram C) and so ai 
closure of the rima glottidis. 


The aryepiglotticus D11 continues the 
Course of the arytenoideus obliquus to- 
ward the epiglottis. It runs in a fold of the 
mucosa, the aryepiglottic fold, and by 
lowering the epiglottis assists in narrow- 


ing the entrance into the larynx; diagram 
inD, 


The aryepiglottic fold envelops the cornicu- 
late caries. CD12 (of Santorini) and ar 
inconstant cuneiform cartilage CD13 ( : 
Wrisberg). Both are visible through the we 
£oSa as a yellowish sheen, and within ; . 
mucosa they form nodules, the cornicula 
tubercle and cuneiform tubercle. 





A 








les 
Laryngeal musc 
and thelr functions 


B Cricoarytenoideus 
posterior and 
lateralis 





ide 
cles seen froms 

€ voc Laryngeal musc’ ilage 
toward the iddle. J narro . ae from back. 2 amine of thyroid a ze 
8lottidis aly tte rima C Laryngeal muscles d). Action of thy 

Iona a ment mainly around the Action of arytenoideus tran removed). 

Mal axis and s|j htb : 

Ing: schema in RB, eit backward tilt- 


ve epiglotticus 
d obliquus epiglotticus and aryep!g 
rsus an 


> sees 
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Mucous Membrane of the Larynx 


The framework, ligaments and muscles 
of the larynx are largely covered by mu- 
cous membrane. It extends from the root 
of the tongue to the upper anterior side of 
the epiglottis and forms 3 folds and 2 
Srooves on its way between them. The 
plica aryepigiottica (the aryepiglottic 
fold) runs from the | 


€piglottis on both sides to the tips of the 


Lateral to the aryepiglottic fold and me- 
dial t j 


O the thyroid cartilage AC1 on both 
Sides in g &T0Ove in the mucous mem- 


brane, the Pririform recess AC2, which 
diverts food away fro 


internal laryngeal Muscles, 
The Space below the entrance to the 
arynx is subdivided into Sections by 2 
P4irs of sagittal folds AC3, 4 lying above 
€ach other. 


Vestibule of the larynx. The vestibule of 
: ee €xtends to the Upper pair of the 
Olds, the ventricular Olds 

Vocal cords), The 4 aoe ne 


Ong anterior 
wall Of the vestibule ; : 


Me€ musc] 


4 € fibrils and 
k, clastic, quad 


Tangular mem. 


‘>: the vocal folg ( © lower pair of 
Ae: ds (true yo al fol 
4 Widens into the Lom hint 204s) 


; laryngeal Saccule 
an 
£xtension of It, May re 
,; : ach as far 
Yoid bone. — 


ds 
The widened space below the vocal cor 


is called the infraglottic cavity A7. 


A8 Thyrohyoid muscle, A9 a bale 
tic muscle, A10 sternothyroid a cid 
All vocalis muscle, A12 cricot Did 
muscle, AC 13 cricoid cartilage, wid 
first tracheal cartilage, AC15 Bin a 
bone, C16 root of the tongue, C fre 
dian thyrohyoid ligament, C18 m 
cricothyroid ligament. 


rork 
Fine structure of the larynx. The Panay 
of the larynx consist of hyaline ies ee 
the following exceptions: the epiglo and the 
niculate, and cuneiform cab pawn =. afl 
vocal process of the arytenoid carti aie 
of which consist of elastic pckcuties arti 
the second decade of life the hya i vars 
lages of the larynx may ossify to a bea 
degree. The mucosa on the upper hae que 
the epiglottis is covered by stratifi ose 
mous epithelium, and on the Sahn si 
Stratified, ciliated, columnar epit caeaaait 
Which seromucous glands open. i hen B19 
(stratified) ciliated columnar pie i ie 
Starts in the vestibule of the gle ned 
extends into the bronchioles. The ¢r ons 
cords are covered by stratified nee a 
epithelium (extent shown by al 
B20. They are subject to Srecuumtasenstt out 
Stress during phonation. The cor esi 
at laryngoscopy by their whitis dst vont 
pearance against the reddish color o ea 
of the mucosa. The mucosa mi, he by 
immovably fixed to the marae gs cine 
its strong papillae. In contrast, t : ee elie 
above the vocal cords and ela othe 
in the larynx is more loosely attac 2 Sete a 
Surrounding tissue: hence the res sree? 
ma of the glottis, swelling of t om os 
inside the vestibule of the larynx, Ww actib0" 
result in death by asphyxiation. ties Vv farynk 
lar folds and the ventricle of the ee 
contain numerous glands B21, or an 
tions drip onto the almost gland ie ia 
folds. B22 Vocalis muscle. Elastic fi 
black. A23 Conus elasticus. 
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124 Respiratory System 


Glottis, Phonation 


The structures concerned with phonation. 
i.€., all those which adjoin the rima glot- 
tidis, are collectively termed the “glottis”. 

€ vocal fold, plica vocalis, often called the 


vocal cord, is the free margin of the vocal lip, 
4 MUCOUS tissue fold. 


The anterior % of the rima glottidis, the 
intermembranous part, is bordered by the 
vocal folds A1, its Posterior '4, the inter- 


», AS cuneiform 
,A6 corniculate tubercle. 


The shape Of the rima glottidis chan ges. D 
N quiet respiration or Whispering the 
vocal processes usually lie adjoini 


e 
ie the €Piglottis against the entrance to 
mel ynx (tongue-epj lottis mechanism) 

y Contraction of the t yrohyoid mys. 


: tween the 
iglottis, Which in 


ventricular folds 


£&e and the ep 
Ssed against the 


adipose body-epiglottis mechanism). The 
ot slides ards the epiglottis and through 
the piriform recesses into the st eso 
Closure of the larynx is assisted by the vee 
of the aryepiglotticus, Which lowers the ep ; 
glottis, and by forward tilting of the ary’ 
tenoid cartilages. If the epiglottis is oo. 
edit can effectively be replaced by the actio 
of the root of the tongue. 


Phonation. The voice is produced when ie 
closed, taut vocal folds in the position - 
Phonation are opened and made to aa 
by an air stream expelled from the ‘~* 
Causing sound waves to be ts 
volume of sound depends on the force o . 
air stream, and the pitch is eet soma 
the frequency of vibration. The oe 
pends on the length (sex and age di # 
ences), tension and thickness of the voc 
cords, as in the Strings of a musical Lan 
ment. The gross adjustment is controlled We 
the cricothyroideus and the other ni 
inserted into the muscular process, and win 
fine adjustment by the vocalis muscle. : 
air passages above the larynx i.e., pa 
mouth and nasal cavities, act as sound r 
Sonators. The air column vibrating shear 
the passage gives the voice its qua ff 
(timbre) chest-head voice. The timbre oe 
change if different parts of the passage i 
locked, ¢. g., obstruction of the nose by 

Soft palate or a head cold. 


Speech. Because of the low position of a 
larynx in man the expiratory air ee be 
reaches the palate and mouth where it can 4 
articulated into speech. Vowels are _ 

y alterations within the Passage and 2 
Sonanits by sound formation in the mouth. : 
Case of loss of the vocal cords, the ventr ar 
lar folds Ad can also produce sound. 
Sound can also be produced in another es 
by articulation in the mouth. Thus, a oe 
removal of the larynx a “belch rig cal 
csophagal speech) can be learned, the EY 
tient articulates sounds produced by eructa 
tion of swallowed air. 








C Phonation position 
(closure of glottis) 








a 
Laryngoscopic view 
aloitis (after Pernkopf) 


D Whispered speech 


E Laryngoscopy 
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Position of the Larynx 


Motility. The larynx is situated in the 
visceral space of the neck which merges 


head held upright, 
at the leve] Of the 3 
tebrae. Th 


The low POSition of the la 
Uc of the adult human 
babies the larynx lies high 
The larynx js Coy i 

ered 
SUperficial A2 an rhe he 


rynx is Characteris- 
See Speech). In 
er. 


arynx Is p 
the skull 5 


Effects of Age. The larynx in the ciel: 
lies 3 vertebrae higher than in the adult an 
immediately below the hyoid bone. bs 
upper margin of the epiglottis extends as _. 
as the palate, the oral part of the larynx 
short and its laryngeal Part is all but absent. 
About half the rima glottidis in the nee 
is still formed by the intercartilaginous part 
and altogether it is only 4 of the length - 
adult. At the first growth period of ie 
larynx the range of the voice is increased y 
about 3 notes in the first year and by | : 
Octaves in the 2nd year. During puberty 
laryngeal growth leads to sex differences: . 
the male the rima glottidis becomes aime 
twice as long (about 1.5 cm) as before; is 
pare B larynx in the male, C in the female. 
C9 Thyroid gland. 


Clinical Tip. If the upper airway is ob- 
Structed and there is a danger of choking, 
anew life-saving airway can be created Py 
Splitting the cricothyroid ligament a 
the layers of the skin and fascia in front o 
it, coniotomy (laryngotomy) A10, or by 
cutting the trachea above or below the 
isthmus of the thyroid gland A 11 (upper 


Al2and lower A 13 tracheotomy). (Cf. p- 
118), 


Vessels and nerves. The superior laryn- 
geal artery stems from the superior me 
roid artery. It perforates the thyrohyoi 
membrane and passes to the larynx. The 
inferior laryngeal artery arises from the 
inferior thyroid artery and ascends dor- 
Sally to the larynx, see p. 52. Lymph 
vessels from the vestibule and the ventri- 
Cle of the larynx run to the upper deep 
cervical lymph nodes, the lymph vessels 
from the vocal cords and the laryngeal 
Cavity drain into the pretracheal nodes 
(lower deep cervical lymph nodes). In- 
nervation from the vagus nerve: The 
Superior laryngeal nerve (internal branch 
through the thyrohyoid membrane is sen- 
Sitive the mucous membrane of the upper 
half of the larynx, the external branch 
Passes lateral to the larynx to the 
Cricothyroid muscle). Inferior laryngeal 
nerve supplies motor fibers to all the 
inner laryngeal muscles and is sensitive to 
the mucous membrane of the lower half 
of the larynx. See Vol. 3. 











A Position of larynx in relation to 


layers of cervical fascia. 


Laryngostomy and tracheotomy 





X 
Form and position of laryn 


B In an old man 


> 


C In a young woman 
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128 Respiratory System 


Trachea and Bronchial Tree 


The 10-12cm long trachea (windpipe) 
extends as an elastic Pipe between the 
larynx and the bronchi. By its Structure it 
maintains the air flow. The anterior later- 
al wall consists of 16-20 horseshoe- 
shaped hyaline cartilages BCD1, which 
are connected by the annular ligaments 
B2. In the Posterior wall, paries mem- 


the Cartilages are 


trachea js 1.3-2.2cm and exceeds its 
Sagittal diameter by 4. 
The trachea bifurcates A4 into the left 


ADES and right AD6 Principal bronchi 


00 degrees. The 
almost continues 


thoracic vertebra, Aspirated foreign 
bodies Usually get into the right Principal 


Tonchus. A bifurcation a 
7, points up- 


Fine Structur 
CONsists of 3 


ayer, the adve 
“Onnective tissy 
48ainst the surr 


€ and 
Ounding 


The inner layer. the respiratory mucous 
membrane, C11 adheres to the perichon- 
drium of the tracheal cartilages, but it 1S 
moveable over the membranous wall. It 
is in this layer that contraction of me 
trachealis muscle produces longitudina 
folds in between which open the 
scromucous tracheal glands. The mucosa 
has a ciliated pseudo-stratified, mai 
epithelium, containing goblet cel ; 
Mucus and dust particles which penctra 
as far as the trachea are shifted back into 
the pharynx within hours. In the Fae 
lial cell layer there are also brush bor ‘i 
cells which have no kinocilia (goblet aie 
after secretion of mucous, sensory cells:; 
immature cells) and endocrine aie 
Which occur either singly or in the form “ 
neuroepithelial bodies; they are includes 
in the APUD-system (see p. 148) an 
form serotonin and peptides ‘sue 
calcitonin, enkephalin). The ms 
Which are innervated are thought to ! 
chemoreceptors sensitive to hypoxis- 
Clara cells in the epithelium of Aart 
chioles are notably light in colour, the” 
secretion dissolves mucous and cell de 
tritus etc., by proteolytic enzymes ane 
Other substances and so prevents obstruc 
tion of the airways. 


In straining and before a cough, when a 
intrathoracic pressure is increased, ce 
thoracic part of the trachea is ens 
and the larynx pushed forward. A h, 
reopening of the glottis, i.e., after a ri 
€ larynx descends again, and the mn 
tion ascends by about 5cm duc to the rage 
shortening of the trachea and pigceeegisouee te 
the diaphragm. In inspiration the bif ing 
descends by a maximum of 1 segment. the 
angle of the bifurcation narrows when sis 
diagphragm descends and widens when i 
elevated; the difference is 5—16 degrees. 


Position. The aortic arch E12 lies aicror 
the left Principal bronchus ADES. cad 
the aortic arch and in front of the " 
main bronchus the pulmonary trunk E ; 
divides into the two pulmonary arter™ 
E14. The esophagus E16 runs behind “a 
trachea E15. The azygos vein passes OVE 
the right Principal bronchus, see p. 50. 
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A Larynx, trachea and bronchial 
tree from front (after 
Rauber-Kopsch) 
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Lungs 


Gas exchange between inhaled air and 
the blood takes place in the lungs. The 
lungs incorporate the bronchial tree. All 
Structures of the lungs are connected by 
connective tissue and are covered by a 
scrous membrane, the pleura. The bron- 
chi, the blood and lymph vessels and 
nerves enter and leave the lung at the 
hilum. Each lung lies in a pleural cavity. 


The lung completely fills its space within 
the chest. The apex of the lung extends 
from the upper aperture of the thorax and 
Mises ventrally above the first rib in front. 
The base of the lung, its diaphragmatic 
Surface, rests upon the diaphragm: the 
flat mediastinal surface EF faces the me- 
dial Connective-tissue space in the thorax, 
the mediastinum, and the strongly curved 
costal surface CD faces the ribs and ver- 
tebral column. The lungs are always 
adapted to the changing shape of the 


thorax and diaphragm and 
aoe phrag are constantly 


see smaller left lung j 
oO ue 
Stperio re a “upper lobe, the lobus 
obus inferior A 

runs Oblique] <apel 
In front, oblig 


ach 
Anteriorly bepe o@Phragm on 





ration. The surface of a lung that has been 
fixed in situ reflects all the unevenness of 
the mediastinal and costal walls. The 
mediastinal surface of the right lung car- 
ries the impression of the subclavian ar- 
tery E7, the azygos vein and esophagus 
E8. The surface of the left lung is distin- 
guished by the impression of the heart, 
which causes the cardiac notch and for- 
mation of the lingula F9 in the upper 
lobe. The subclavian artery F7 and aorta 
F10 also leave impressions. 


The specific gravity of an aerated lung lies 
between 0.13 and 0.75, hence it floats in 
water. A lung which has not yet become 
aerated sinks (the controversial floating 
fest determines whether a new born baby 
has breathed before death). 


Hilum (Hilus). The bronchi and vessels 
that form the root of the lung are situated 
at the hilum as follows — Left hilum: in 
front and above are the branches of the 
pulmonary artery, below the branches of 
the pulmonary vein; behind lies the prin- 
cipal bronchus F11. Right hilum: because 
of the early division of the right principal 
bronchus, a further bronchial cross sec- 
tion, the “eparterial” bronchus E11, lies 
across the pulmonary artery. 


Pulmonary ligament. At the hilum the 
visceral pleura merges into the parietal 
pleura. The margin of the pleural reflec- 
tion stretches out into a point, a redupli- 
cation of the pleura, “meso- 
pneumonium”, which extends in the fron- 
tal plane from the mediastinum to the 
lung. This pulmonary ligament EF13 
Separates the anterior from the posterior 
half of the inferior paramediastinal por- 
tion of the pleural cavity. 


Pleural cavity and pleura, see p. 138. 


CC | 


— | 


ay 
I 
4 


i 


QQ 


7 SN AN \\ 
VAN 
\ A\ 
ae ‘\ ya.6t Wy 2 
~ = \; 
s5e-cel — ; \ 
. ¢ ‘ Ye - 
. "EE gett 
; | 


<i a 
\ ~ . he) 
> 

¥ 


S 
ye 
\\ 
AW 
\ 
Ea 


on 
‘ 


\y 
\ 
\ 


E Right lung 


> 





Hilum of lung 


t= 


10-4 








43 


131 


F Left lung 
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Root of the Lung and Base of the 
Heart 


The root of the lung is formed by the 
Principal bronchi, the main trunks of the 
pulmonary artery Bl, the pulmonary 
veins B2, the bronchial nerves and veins, 


The bronchopericardial mem 
Hayek). The root of t 


138. A6 The inferior + ‘al 
lymph nodes. " tracheobronchial 


he anterior 
LO enter the Posterior Mediastinum, B9 


com- 

ao tery, B13 brachiocephalic 

oo a: Perior vena Cava, BIS up. 
Per lobes h lungs, BY left cardia 


Ussue, Tonch on Soien 

: € suppli 

: terion Y branches Of th plllnena 
ins, but t uch |] 

€xtent by th Ir bona 


arteries and veins. The bronchial bran 
arise mainly from the aorta. They divide 


together with the bronchial tree. There are 


anastomoses between the bronchial and pu 
monary arteries beneath the pleura and a 
tween small bronchi. The bronchial well 
drain blood via the pulmonary veins an 
some mediastinal veins and end in the vena 
Cava. 


Lymphatics arise from the loose any eee 
tissue underneath the pleura, in the inte 4 
lobular septa and from the periarterial - 
peribronchial connective tissue. eng 4 
the negative pressure prevailing there, nial 
seeps from the alveoli into the peribroncl ri 
and subpleural connective tissue and in . 
the lymph vessels (a consequence of reece 
blackening of the lung surface by inha h 
coal dust). The lymphatics convey the lymp 
indirectly to the tracheo-bronchial, wae? 
and mediastinal lymph nodes. The sees? 
lymph nodes near the hilum (hilar glands, h 
pulmonary and bronchopulmonary lymp 

nodes) are visible against the air-filled lung 
tissue in radiographs. 


Innervation: Efferent and afferent wen 
from the vagus nerve and sympathetic san 
(stellate £anglion and 2nd—Sth pe 
ganglia; compare neuroepithelial is aha 
see p. 128). Afferent fibers of the ie 
conduct impulses from stretch receptors 
the lung which inhibit the respiratory cent : 
in the medulla oblongata. The cough Age 
can only be elicited as far down as he 
bifurcation of the trachea and not int . 
lobar bronchi. Afferent fibers in the a 
Pathetic nerves are part of a reflex a 
through which nociceptive reactions may : 
mediated. Efferent fibers from the var 
nerve produce contraction of the bronchial 
Muscles, and efferent fibers from the so 
Pathetic trunk produce dilatation of a 
bronchial muscles and contraction of t 
pulmonary vessels, see Vol. 3. 
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134 Respiratory System 


, in the lower lobe 6—10: 
lobe 1—5, in the lower 
form a common 
a ty A, B,C, D, E:1—10 
spmehal ¢ cording to Boyden). The 


Distribyt 
u 
connective of the connective tissue. The 
intO lobes, segnesedivides the lungs 
. pr ; 
Smaller units sents, lobules and still 


TONchus. Each lob 
MOstly co “ni 
Scone, vered by the pleura 


bule 
the inte Urlace of the Jun e 
ae | fi sures, shows polyson 
te their edges are 05 pctey delim. 
ey ‘3m lon 
because hee especially Sfaticens 
Se areas dey; Pigment infiltration 
im : 
lobule » the loby a asal part of the 


Monis, Which Can- 


not be comyetely separated from each 
other after stripping off the pleura, as 
cach lobuie is enveloped by its own 
boundary membrane. At this membrane 
the elastic fiber network of the interal- 
veolar tissue is inserted. The loose inter- 
lobular connective tissue allows the 
lobules to move against each other. 


Details of the lobular subdivision. The 
lobular formation is most apparent at the 
periphery of the lung (marked capacity 
for deformation of the lung), and is al- 
most absent from the center. Although 
any given lobule does not always contain 
equivalent structural elements, a lobule 
can usually be considered to contain the 
terminal and respiratory bronchioles and 
alveoli which originate from that bron- 
chiole. The divisions resulting from one 
terminal bronchiole are also called acini. 
An acinus lacks septal borders (the ter- 
minology of lobule and acinus is not 
constant). At the boundary between 
bronchus and bronchiole, in particular 
where the wall cartilage is lost, it is firmly 
connected and braced by the connective 
tissue of the lung parenchyma. 


Clinical Tip. In certain pathological con- 
ditions, interstitial pulmonary edema (ac- 
cumulation of fluid) or emphysema (col- 
lection of air) can develop in the loose 
interlobar connective tissue. 











Segments of lung 








A Segmental bronchi 


E From behind 
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Fine Structure of the Lung 


The microscopic structure of the respira- 
tory and vascular Systems changes in the 
Course of their subdivisions as the total 


crOss sectional area of the branches jn- 
creases. 


Bronchi. They divide 6-12 times until 
they eventually reach a caliber of Imm. 


€ adventitia contains elastic fibers in 


progressively increasing numbers, the 
cartilages be 


also contain elastic fibers. The height of 


the bronchus js narrowed, e. g 
chial asthma. 


Bronchioles and terminal bronchioles. From 


the small bronchi Al ronchioles A2 arise 
and from ach of these 4 


Pronchioles BC 
Out 0.4mm wide. 
from the termi wide. They stem 


ed by a/ 
coli hy as Of the latter come” ducts 
alveoli which end j 


M Or more 
in diameter. About 200 alveolj are attached 
to each terminal bron they for 
the pulmona cert 


The branches Of th - 
monary artery follow the ramifications of the 


; h Tecapj ’ 
Postcapillary vein there an lary artery and 
loops: short Ones 


On, and longer Ones (ac- 


When the O, 





requirement is increased. The pesca 
veins B13 lie in the intcriobar and 
segmental tissue. Each vein carries ne 
from several arteries. The vein A 6 conve Me 
in the center of the lung toward the arteri 
bronchial trunk. 


Alveoli. Gas exchange takes place in a 
alveoli. The microscopic structure of the 
blood-air barrier can only be recognize 
under the electron microscope. 


The alveolus has a flat cellular coverls 
Which in places is stretched into thin se 
than 0.1 um thick plates sitting ona me 
lamina E14 ~ “small alveolar ce e 
(pneumocytes Type 1) DE15. In betwe f 
these cells lie larger, taller cells er 
cell processes — “large alveolar ae. 
(pneumocytes Type IT) D16. oe € 
thought to produce a Phospholipid film 4 
an antiatelectatic factor. Alveolar ne 
rophages D17 (monocytes from ae 
blood) take up dust (“dust cells”) or, a E 
a hemorrhage (with vascular congestlo 
hemoglobin (“heart failure cells’ 3 


The capillary wall: The uninterrupte’ 
endothelium DE18 lics ona wasee 
membrane. In the fissure between ° 
alveolar epithelium and the capillary on 
both basal laminae E19 fuse for lone 
Stretches. 


The blood-air barrier 0.3—0.7 um er 
consists of alveolar epithelium DE 7; 
basal lamina E19 and the capillary “i 
dothelium E18, Breaks between the i 
veoli, alveolar pores C20, occur reg 

larly, 4 
In the alveolar septa are networks 40 
clastic fibers D21 and connective tiss Ie 
cells D22. Together with smooth mona 
Cells they form “basal rings” at the es 
trance to the alveolus. These structur 
‘ross cach other at an angle. By oon 

tion of the myofibroblasts associated a 
the alveolar walls, the lumen of the ne 
leralveolar Capillaries is reduced. bre 
lymph capillaries only begin outside on 
Obule. The intercellular contact of se 
Capillary endothelium E23 is wal 
Permeable for fluids than the compa 


oO’ 
Mtercellular contact of type I pneum 
cytes E24, 


7 ae 








A Section through 
lung. Division of 
air passages and 
blood vessels 
(after von Hayek) 







C Section through B 





B Alveolar sacs 
(Section from A) 
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138 Respiratory System 
Pleura 


The Se€rous membrane Which invests the 
lung 's called the pleura, We distinguish 


Phragmatic Pleura 
the lung Cavities. 


ihe visceral pleura A] forms a cover 
ver the lungs. It Consists of a Single layer 


of epithelium, a fibrous | 
> a = 
Nous and elastic fib lame 


layer in which lie 


Pleura, Particularly the Cos- 
fal part A2 is firmly attached to thie 


: © development of 
fibrous layer varies. Over the ribs nid 


collagen fibers are Predo- 
diaphragm elastic 


Pleura] Cavity, AB3 : = en the 


: ericard 
Cural cayj y- The Viscera 
FO Which JOIN at the Se a 
EOE f ompletely Closed Pleural cayj 
spaced e Pericardium Peritoneal 
ae. Peeains a few Milliliters (cm? 
nie EUral recessoc The pariet | 
one as TIbs and t tcoverin the 
: me °rMm a fold 9 aniable din, 
a. a hragm IC recess ABCEs. 
POsition. aise Pi li ie nee 
gree, to parietal be Cc 





—_— 2s a 
eS 
TTT 


mediastinum and the chest wall, where it 
forms the costomediastinal recess D6, 
and to the pleura of the mediastinum and 
diaphragm, forming the phrenicomedias- 
tinal recess. 


Clinical Tip. The serous fluid in the pleu- 
ral cavity may be increased in inflamma- 
tory disorders (pleural exudate). It con- 
tains protein and may lead to pleural 
adhesions (reduction of pulmonary ex- 
pansion), 


Innervation: While the visceral pleura is 
insensitive to pain, the Parietal pleura is 
highly sensitive with afferent fibers con- 
tained in the intercostal nerves and the 
phrenic nerve. 


The position of the dome of the pleura and of 
the hilum. The 3 scalenus muscles form a 
tent over the pleural dome A7. The brachial 
Plexus and the subclavian artery pass 
through the “scalene gap” between the an- 
terior and middle scalenus into the lateral 
cervical region. The subclavian vein runs 
between the anterior Scalenus and the clavi- 
cle. These two vessels and the cer- 
vicothoracic ganglion of the sympathetic sys- 
tem (in front of the head of the first rib) lie 


medially, touches the dome of the pleura on 
its medial aspect. The root of the right lung 
lies behind the superior vena cava BD8 and 
Partly behind the right atrium of the heart. 
€ phrenic nerve descends ventrally and 
the vagus nerve dorsally to the hilum, The 
aorta CDE9 and the esophagus CDE10 
cross in the posterior mediastinum. Com- 
Pare mediastinum B11 pulmonary trunk, 
C12 aortic arch, C13 bifurcation of the 
trachea, C14 aZYgZOS vein. 


Planes of the section: for B see D15, for C 
see D16, for D see BC17. E View of the 
dome of the diaphragm. 





A Borders of lung and 
pleura from front 










10 9 


C Frontal section, 5 
hilar plane 








“SB Frontal section, 
anterior mediastinum 








i i ings | 
Pleural and pericardial covering 
E Ple 


Horizontal section, hilar plane of diaphragm 
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Borders of the Pleura and the 
Lungs 


The borders of the pleura are immovable but 
the lower border of the lungs move with 
breathing, They can be demonstrated by 
radiography and by percussion (air-contain- 
ing lung tissue) and can be related to the 
intersections of the ribs with the meridional 
lines of the trunk. 


Borders of the pleura (Regions for per- 
cussion and auscultation). Right side: The 
Parietal pleura extends from the pleural 
dome Al, 3cm above the first rib behind 
the sternal angle, then medial to the right 
margin of the sternum to the insertion of 
the 6th rib. Its further lateral and pos- 
terior course is marked by the following 
intersections: medioclavicular line 
(through the middle of the clavicle) — 7th 
rib, anterior axillary line (through the 
anterior axillary fold) - 8th rib, middle 
axillary line (through the middle of the 
axilla) — 9th rib, posterior axillary line 
(through the posterior axillary fold) — 
10th rib, scapular line (through the lower 
angle of the scapula with the arm hanging 
down) — 11th rib, paravertebral line (par- 
allel to the vertebral column) — lower 
margin of the 12 rib. The costodiaphrag- 
matic recess, corresponding to the vari- 
able origin of the lumbar part of the 
diaphragm, may extend paravertebrally 
up to 2cm below the 12 rib. The pleural 
Margin runs paravertebrally up to the 


pleural dome at the level of the head of 
the first rib. 


Left side: The borders of the pleura take 
the same course on both the left and right 
sides. The Only difference is that the left 
anterior border leaves the sternum at the 
level] of the 4th rib and descends in acurve 
(incisura Cardiaca) to the intersection of 


the medioclavicular line and the 6th rib. 
eart. 


Borders of the lungs. At the apex of the 
lung, behind the sternum a 


n 4PProximately to those 


nN the other hand th 
lower borders of both lungs in the mid. 


respiratory POsition are 1~2 intercostal 


spaces above the pleural borders, The 
borders of the lungs can be shifted one 
intercostal space from this middle post: 
tion upward and downward by deep 1n- 
spiration or expiration (opening of the 
costodiapharagmatic recess). The bordef 
line between the upper and lower lobes 
runs dorsally on both sides from the 4th 
thoracic vertebra obliquely forward 10 
the intersection of the 6th rib and the 
anterior axillary line. The groove be- 
tween right upper and middle lobes runs 
from the middle axillary line at the 4th ri? 
to the sternum. 


On the right side we find therefore only 
the upper and middle lobes next to the 
sternum, and next to the spine only the 
upper and lower lobes. All 3 lobes col” 
verge in the axilla on the right. On the 
left, the upper lobe, which contains the 
incisura cardiaca, extends by its tip, the 
lingula pulmonalis, to the claphragy 
AC3 Costodiaphragmatic recess, ABC 
costal arch, AS margin of the liver, BC6 
lung, B7 spleen, B8 course of the 9th rib- 


Age differences: the baby and infant show 4 
“habitual inspiratory position” with a more 
horizontal position of the ribs, but later !" 
life the ribs are lowered by the pull of the 
muscles and by gravity. With age there is 4 
general tendency for the Organs to descen 

and to reduce joint excursions, which pf” 
duces a reduction of the respiratory excul 
sions. In old age, elasticity of the lung 
diminishes and this may result in emphy’ 
sema. 
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Mechanics of Respiration 


During respiration there is an alternating 


“piston” in the “pump cylinder” of the 
thoracic Cavity. It is pushed in and pulled 


is the p 
Starts A, During inspiration the thoracic 
Cage is actively lifted 

Positioned obliquely — 


Cartilage | Produces a « 
ment” of the end 


Orax may pro- 
> and the Clastic 
recoil of th resting posi tion 
then Produces an inspiration. D 
quiet rib respiration 


Cgative intrathoracic 
Pressure. In forced ri respiration, the 
Muscles of the Shoulder oj 


. . ” F in- 
sory muscles of respiration ) act as a 
spiratory muscles and the abdominal W : 
muscles and the latissimus dorsi musc 


produce expiration (for muscles, se 
Vol. 1). 


Mechanism of diaphragmatic respi 
The abdominal viscera and abdoming 
wall muscles are of importance in oi 
phragmatic respiration. The liver, th 

“core” of the “pistor,” moves up mi 
down. During inspiration A, the ne 
fibers of the diaphragm shorten: fi 
longer fibers, which Originate from t ; 
back of the diaphragm A 4, shorten mag 
than the anterior fibers. The central te? 
don is lowered and the distance betwed 
the parts of the diaphragm which a 
to the dome and the chest wall pana 
larger, the costodiaphragmatic recess A}: 
more marked dorsally than ventrally: 
The lungs expand to fill the extra valine 
of the virtual space thus opened, the gt 
Parts more than the apices. A left ee 
right anterior diaphragmatic muscle ne 
Which lie beneath the pericardium 4 

tached to the central tendon, pull dow? 
the diaphragm like a pocket under Oy 
plane of the xiphoid Process A6. Te 
heart AB7 is displaced during diaphrag 
matic respiration. 


In expiration B the diaphragm and the 
liver move into the thoracic cavity due t? 
contraction of the muscles of the abdom 
nal wall and the pull of the lungs. The 
€xcursion of the dome of the diaphrag™ 

B8 varies from 1.5-—7cem according !0 
the depth of respiration. In quiet respira 
tion about 75% of the change in im 
trathoracic volume js Produced by dia 
Phragmatic movement. 


Costodiaphragmatic mechanism, In the 
adult both mechanisms of respiratio? 
Work together. The essential conditio? 
for effective rib respiration is that the 
diaphragm contracts and is not pulled up 


teriorly and 
mon the left an 
Respiratory position of the thoracic cage and the diaphrag 


On the right laterally. 
Photograph and X-ray superimposed 
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Respiratory Dynamics 
Respiration. Air Pressure exerted 


through the respiratory Pathways A2 
forces the lung A1 against the chest wall, 


Costodiaphragmatic recess A4, In €xpira- 


Cspiratory 
= respiratory (tidal) volume, 
forced inspiration = ; 


‘nspiratory reserve 
volume, In expiration the ti 
0) 


ume. This on 
Ol dir in the lung. 


l co mn, also 
Serves for Pansion h ng. The 
MsPiratory largement Of th lung in- 
“Teases caudal dq ventralj In the 
thoracic type of respiration upper 
lobes are better ventilated th uring 
a0domina respiration. 





Pathological Changes in Lung 
Dynamics 


P ce Is 
Pneumothorax. If the “ed aes a fh 
opened from the outside BS, e Neos atl 
B6, the subatmospheric aries awe 
the elasticity of the lung ma cae volume BY 
about one-third (minimal) o . — 
In this case the lung no longer a pent 
ment of the thorax and the sie tae: 
external pneumothorax. as Pg: 
there is a tear in the lung an hon de 
pleura, and air js able pe pede space 
respiratory pathways into the P eneonatl 
= internal pneumothorax i nets 
pneumothorax). In this ci ihe 
tinum B8 (see p. 24) is pulle and to the 
healthy side during inspiration (“mediasti 
diseased side during expiration Failure) 
nal flutter’. anger of sig gt pleura 
After closure of the fear, air men , 
Space is reabsorbed within a few days. 


ing in 
Tension pneumothorax. If eee ib 
the lung acts like a flap valve C9, +t will be 
rawn in during tan As 3 
unable to escape on expiration ne dcrabl 
result the te te Eu : (extreme 
isplaced to the ea i 
dete of circulatory embarassment) 
Collapsed lung. 


— dis- 
Bronchial obstruction. aif se 
placement may also be causec y ‘ration 
tion of a main bronchus D1; : ‘ae fail to 
elastic Stretching of the affecte aaa ie is 
€qualise the tension and the DE During 
displaced to the diseased oe * om the 
expiration, poor emptying of a ent of the 
diseased side results in movem danger 0 
mediastinum to the healthy side ( 
circulatory failure), 


f 
trati ilure 0 
Positive pressure respiration. In paralys 
the respiratory apparatus, e.g., peeesnite 
ue to curare given during al halo 
ing from bilateral May Cutie i res- 
may be maintained by positive Pe lungs is 
Piration, in Which the volume o sed by de- 
alternately increased and oper of the 
liberately forcing air Pie bros the princi” 
respiratory pathways. This Is also. hn in the 
ple of Mouth-to-mouth cla i para’ 
*Mergency treatment of respiratory 
lysis, 





A Normal 


Pneumothorax 


Tension 
Pneumothorax 


Bronchial 
Narrowing 


Expiration 


| = 
(after Pernkopff) 


Respiratory System 


Inspiration 
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146 Endocrine Glands 
Glands 


Glands can be Classified according to 
various criteria, see P. 150. If the crite- 
rion is the formation of an excretory duct, 


exocrine (excretory) and endocrine 
glands can be distinguished. 


Exocrine glands A grow from the 


» B, and the 

Parathyroid gland which lacks follicles ¢, 

CY may also arise from connective tis- 

»€.2., the intercellular gland of 

the testicle. The Secretion of an endo- 
Crine gland, the h 


Ormone, passes Via the 
Intercellular Connective tissue into the 


PA vessels and through the 
ionit Teaches al] Parts of the 


Exocrine Glands 


© €pithelia o €x0crine 
Polar differentiation, 


base they 
absorb SIC substances ( S, amino 
aids) fro t Intercel]y] fluid of the 
Connective Ussue, whi h is “Tived from 

e bloo Capillaries d their free 
SUPerficja] Surfaces the ‘Tete into ex 
€rnal d is, i.e., 4Nsport of Substance 
takes place Ma directe 


Cla] Stimulation 
S), Or erind: 
(e.g, Scent glands), Pp Nodically 





' > ed te 
epithelial cells Which are Pt On 
gether by connective tissue ha oe 
The gland may be microscopically 
Or many centimeters in size. 


: art 
According to the form of the aie : 
of the gland (= the secretory pa vedi 
are acinous omen cate 
(sac-shaped) and tubular tu ne sid 
terminal parts, and “mixed g we ivelll 
may have tubular and acinar o ye 
Parts. When several sat the 
Parts Open into one excretory ‘ory du 
gland is branched; if the men "ae 
itself is divided then the glands i 
Site. 


distif 
Three types of glands may cont 
guished by the light microscop of the 
ing to the method of extrusion seit 
Secretion, merocrine (eccrine), ap 


and holocrine glands (cf. p. 148). 


ott oniched Uy 
Basically glands may be ae 
the chemical nature of their on i 
Although this js definitely the scien 
Portant means of ee ee 
many cases it cannot be = the obse™ 
Staining. It is supplemented by aa 
vation of typical cellular acy Exocrit 
examining the excretory duct. ca i 
glands are discussed In connec 
the organ system they belong to. 


Endocrine Glands are the 
The endocrine (ductless) er! he 
hypophysis (pituitary one Fe shyroid 
epiphysis (pineal body) D ’ ds D4 the 
gland D3, the parathyroid ~— Ha D4 
adrenal cortex and adrenal we parts ° 
the islets of the pancreas rt ic ands): 
These ads D7 (reproductive glands 

hey procude “glandular weg ond0” 
Parts of the diencephalon act a cells 
crine glands. Hormone-produci the 
also occur in other organs, sa icrmallit 
epithelial lining of the iP av end0” 
tract (“system of gastrointestin ribute 
crine cells”), These diffusely wes ad wit! 
endocrine Organs will be discus en The) 
the organs in which they eter ion 
Produce peptide hormones and/o 
amines, 
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148 Glands 


Formation and Release of 
Secretion (Incretion) 


Secretion is the production and discharge 
of cell-specific substances which have 
been synthesized for the specific purpose 
of release. Secretion takes place in the 
cells of glands but it may also occur in 
other cells, €.g., the formation and re- 
lease of precursors of connective tissue 
fibers by connective tissue cells. Secre- 
tion may be triggered by vegetative 
(autonomic) nerves. 


Formation: Protein-containing — secre- 
tions (“proteohormones” in endocrine 
glands) are produced by the general 
method of cellular synthesis of proteins. 
On a gene, i.e., on the DNA of a 
chromosome, a “matrix”, messenger of 
ribonucleic acid (messenger-RNA or m- 
RNA) is formed. This substance migrates 
from the nucleus A1 into the cytoplasm 
to the surface of ribosomes where protein 
production takes place. Ribosomes con- 
sist mainly of stable ribosomal RNA. The 
ribosomes and the lamellae of the endo- 
plasmic reticulum (ER) form the granu- 
lar ER (ergastoplasm) A2. Another type 
of RNA, transfer RNA, takes up amino 
acids, which have been activated by enzy- 
mes after their transfer from the blood 
vessels A3 and converts them according 
to the genetic messenger of the m-RNA 
into protein molecules, in accordance 
with the information Supplied by the 
DNA of the gene. Newly synthesized 
proteins pass via the cisterns of the granu- 
lar ER into the vacuoles of the Golgi 
apparatus Ad, where they grow into 
larger droplets of secretion (hormone) 
AS. The (stained) visible “basophilic” 
(with an affinity for basophilic dyes) pro- 


tein-producing Structures, which are visj- 
ble by ]j i 


Cleolus 


“granular ER. 


Secretion (horm 
distinguished 





Release without excretion of the mem- 
brane (crinocytosis). Droplets of secre- 
tion still enveloped by a membrane from 
the Golgi apparatus become attached to 


the internal surface of the cell membrane _ 


(plasmalemma) C7. Where both mem- 
branes are in contact, the membrane 
enveloping the droplet becomes incorpo- 
rated into the cell membrane and an 
opening into the extracellular space 1s 
created for the discharge (excretion) of 
the secretion (hormone) C8. Thus, secre- 
tions, such as hormones, that are dis 


charged by crinocytosis have lost theif 


covering membrane: microscopically, 


this is known as merocrine (eccrine) Sc 
cretion D, 


Release with excretion of the membrane 
is well recognized when milk fat is re 
leased from the epithelial cells of the 
mammary gland. The fat granules (drop 
lets) at first arch from the surface of the 
cell B9 and the protruded cell membrane 
forms a cover around the fat globule. 
After separation of the globule from the 
cell the secretion is enveloped by a mem 
brane; microscopically apocrine secre’ 
ion E. This mode of discharge probably 
occurs also in other glands, when, t0 
gether with the cel] membranes a cyt0 
plasm is discharged. 


Release with destruction of the cell. In 
some glands the formation of secretjon is 
SO excessive that eventually the entire cell 
becomes completely filled and perishes 1" 
the process. The lamellae of the ER an 

the Golgi apparatus disappear and pyk- 
nosis and disintegration of the nucleus 


©nsues; microscopically holocrine secre” 
tion F, 





8 Secretion with loss of cell membrane, 
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Endocrine Glands 


Formation of protein- 
containing secretion 





icrograph i 
Modes Of release, scheme from an electron mic a secretion crinocytosiS 
‘© Release without loss of cell membrane, ec 


apocrine secretion 


i 0 


D Eccrine secretion 
E Apocrine secretion 


F Holocrine secretion 
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Endocrine System 


Endocrine glands are organs of the endo- 
crine system which Only produce hor- 
mones. On the other hand, organs which 
Principally fulfil] other functions but atthe 
Same time contain a hormo 


cell system are also kno 
crinologically active organs. The most 
ter is the gastro-intes- 


Hormones, Minute amounts of hor- 
MOones coordinate metabolic processes in 
cells and Organs by activating enzymes. 
Tmone which is dis- 
ganism is important 
Calculated from its 
yper- or hyposecre- 
ads to typical disease 
are Vital substances. 


Into diffe 
Tent chemical types, the mines (e. p 
a renalin Noradrena] Opamine. 
melatonin, Serotonj (e : 


N), the Steroids 
nuneTalocorticoids. Blucocorticoidg sex 
9 


©. 8, Tegulato 
amu 


Ormones), th 





1 
docrine cells raay produce more than ol 
hormone. 


When there are several hormones Pe 
duced in one cell as is frequently oa 
served in peptide-synthesizing cells, ine 
may be split off enzymatically none 
common precursor ls LAL 
prohormone) and form a “peptide ae 
ly”, e.g. 1 the family of the ee 
melanocortin derivatives. However Me 
may 2 arise from different precursors; "4 
endocrine cell may activate the pr a 
for production of more than one yaa 
family. 3 Hormones produced by an oa 
docrine cell may belong to ae 
Sroups of substances. This is particular! 
true of peptides and amines. 


2 e res- 
Endocrine cells 4 secrete into blood ie 
sels and may 5 influence neighbounn:z 
cells in a paracrine manner. 


Hormones of all chemical types are oe 
produced as active substances by neue 
of the central and peripheral nervous ads 
fems. The neurons release active wie 
Stances either 6 as neurotransmitters ss 
neuromodulators), or as 7 neurone 
mones into the blood vessels of q 
neurohemal region (see median e™ 
nence p. 156). 


a eeeltt 
APUD system. The origin of aminere 
and peptidergic endocrine cells is OE 
completely understood. A theory of gn 
ary Origin suggests that they are unifor “ 
ly able to produce peptides with aa 
al characteristics and simultanously he 
Produce biogenic amines and/or to oa 
Up and concentrate the eine! rf 
biogenic amines, i.e. amino acids an his 
decarboxylate them to amines. For par 
reason these cells were called Ege” 
and/or amine precursor uptake and by 
carboxylation”-cells, APUD-cells nal 
Pearse (1968). Many workers believe t ‘ 
all these cells arise from the neural en 
(see Vol. 3). However, not all expe i 
Share this view. Pathologically, ee 
increasing evidence that APUD cells oe 
an important role; hormone siseideouty: 
tumors, “apudomas” with characteris 
symptoms may arise from them. 


ee 





| NH-terminal fragment. | 


\h Pro-opiomelanocortin molecule. 


Vertical lines: ide hormones. . 
basic amino acid pairs, splitting-off active pept rticotropin- like intermediale 
MSH: melanocyte stimulating Li Sghea st we 

lobe Peptide; LPH: lipotropic hormone; ; 


Simultaneous occurrence in cell of dif- 


€rent peptide precursors, examples 


Somatostatin + Enkephalin 
Substance P + Enkephalin 
Corticoliberin + Enkephalin 
Corticoliberin + Vasopressin 
Vasopressin + Dynorphin 
Oxytocin + Enkephalin — 
Oxytocin + Cholecystokinin 
TRF + Somatostatin 
TRF + Somatotropin 
TRF + Substance P 


( TRF-thyrotropin-releasing factor) 


4 endocrine 
SECretion 


5 paracrine 
secretion 


a-MSH = CLIP 
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y-LPH B-END 





in cell of 
; occurrence 
3. es ce peptides, examples 





monoamin 
i omatostatin 
Noradrenaline eekephalin 
Neurotensin 
Vasopressin 
halin 
Dopamine Enolcoystoxicin (CCK) 
ceP ; 
Serotonin Paysotropin-releasing factor 
(TRF) 
Calcitonin 
uro 7 neuro- 
6 re 4 rmone 
transmitter ho 
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152 Endocrine Glands 


Organization of the 


Hypothalamo-Hypophyseal 
System 


The hypothalamus, the basal part of the 
diencephalon, is the Primary regulating 
Organ of the endocrine glands (nuclei of 
the hypothalamus, see p. 154). 


The hypothalamus Projects two types of 


§ neural efferents into 


hich are Synthesized in 
(neurosecretg Herve cells and are 
transported to their targets via the blood- 
Stream. Th 


tory hormones) OF neurohypophysis ef- 
fector hormones), sore 


Only a few hormones directly influence 
their targets as q 


0 the effector hormones 
of the hypothalamus Or the hypophysis. 
dior of th Ormones of the hy- 

Nalamus hypoph Sis j 
Peripheral endocrin tad. eana 


og adenohypophysis, 
mo 


© Aypothalamus ; 
Pophysis — Connected b ae. 
are a functional entity, 


I. HyPothalamo-Neuroh 
YPophysea| 
ystem (Eftectoy Neurchormovers 
Hypothalamus. 


Oxytocin ang : 
SIN are hypothalamic ho none bres 
t 


Tmones which 
aarti Cir targets directly as effector 
Med, »1.€, they act Without in- 
= me of th adenohypophysis, 
tine ree IN axons these neurohor- 
e TOhypoph Sis w 
ey are releaseq into the ised aie 
© Reurohypo hysis j 
and releas 5 is pial 


€ site ya Storage 


T Oxytocin and 
™ ° 
Pressin, Production of neurohormone, 


does not occur in the neurohypophys's 
proper. " 





. . : ‘ous 
The neurohypophysis is defined in vario 


ways. Often (as is the case here), on : 
neural lobe (posterior lobe) of the hypophy 


neurohypophtysis as the distal and proxt 
parts of it, respectively. 


[ 
ll. Hypothalamo-Adenohypophyse4 


8 
System (Regulatory Neurohormone 


Ss Oe rine 
Representing the principal Pate 
center, the hypothalamus indirectly inf 


. whi 
€nces peripheral endocrine glands 


is: 
are secondary to the saps od see 
hypothalamic regulatory neurohor. Abe 
act as releasing factors (hormones), ie 
rins, or inhibit as release-inhibiting fa 


ener” 
adenohypophyseal hormones. In g si 
al, bash Abeanie of the adenohypor 
is associated with a regulatory ‘oa pul 
mone. Transported in axons, the regu! 


die 
tory neurohormones reach the Ha 
eminence (infundibulum) 0 


are 
diencephalon, and from there they 


. : t 
conveyed to the adenohypophysis via 
bloodstream (portal vessels). 


es: 

Adenohypophysis — effector sents 
ree hormones of the camepeLatia 
Sis, somatotropin, prolactin and see : 
fropin, directly influence their ee 
effectory hormones, i.e. without ; 


y 
; n 
Position of a secondary penphers e i 
crine gland. However, this is only 
with qualifications. 


; f° 
sis — glandotropic aul 
ee eeanae of adenohy? ; 
physeal hormones are Sapam dal ai 
mones which induce growth and as 
Production and release by seco 
Peripheral endocrine glands. 


po 
The feedback from the peripheral fp : 
crine glands to hypothalamus a ree i 
Pophysis mainly occurs via the se 
Stream; in addition, neural fee 
Pathways are known. 





is. In ao 
sis is termed the neurohypophysis. | nee 
expanded definition, the median ie ihe 
and neural lobe are both ascribe : 


— 
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Hypothalamo-Hypophyseal System 


tem 
amo-hypophyseal sys 
Review of the important hormonal efferents of the hypothal 

eview of the im 

in man 


Peripheral Endocrine Gland 


incipal Action 
Hypothalamic Hormones and Princip 


Adenohypophyseal 
Hormones 


A. Releasing factors and 
release-inhibiting factors 


1. Gonadotrophic hormones Stimulates ripening of egg fol- 


ie iclestimulat- > rmatogenesis 
Folliberin (Follicle stimulat- Fi ae opin (CES licles and spe 
ing hormone-releasing factor in 
H-RF)* 


— 


itial cells (ovary and 
Interstitial ce isdon 
* inizing hor- . : stimulate OV - 
Luliberin (luteinizing ae Eero. a interstitial cell Se teiaieation of egg folli 
One releasing factor = LH- 


i = tion of testos- 
[LRF]) (= LHRH; stimulating hormone cle and secreti 
80na otropin-releasing hor- ICSH) teron 
Mone = GnRH) 


ichor- 
2. Nongonadotrop secre- 
mones Stimulates growth and 


x 
j ‘n (adrenocor- ‘on of adrenal corte 
Corticoliberin (corticotropin Corticotropin ae = ue 
Tleasing f. tor = CRF)’ ticotropin hor as s growth and secre- 
8 factor = ACTH) opic hor- Stimulate Bre gland 
in Thyrotropin yn ring tion of thy 
Thyroliberin (thyrotrophin mone, thyroid-stimula netacey 
TR factor = TRF) hormone = TS pic Stimulates grow 


P tro 
: in (somato 
Somatoliberin (somatotropin- chic hee A = growth 
Te Sasing factor = growth hor- sii = GH 
REy® teleasing factor = GH- ho 


Soma; 


Ostatin (somatotropin- 
Telease ; 


ase inhibiting factor) in (mel 
elanoliberin (melanotropin- Pcataagl hormon 
releasing factor = MRF)" —_ stimula 


€lanostatin (melanotropin- 
sese inhibiting factor = 
MIF) ? 


S 
Probably an endogenou 
ao SH) anti-opioid in man 

e= 


iferation and 
imulates prow dsecre- 
ichor- Stimula milk gland s 
P Prolactin (mammotropic Nor formation’ pa autains 
leasing oerin en = mone = P sae of corpus luteum) 
actor = : OXYy- 
tocin} 


e 


P "Olactostatin ( lactin-re- 
( prolac . 
: © inhibiting factor = PIF; 
°Pamin) 


Leads to contraction of senstt- 


cle 
1 mooth mus 
ae water retention — 


Effector hormones 
*Ytocin (oxytocin = OXT) 


Vasopressin (= VP; = adi- 


. Theis chemical 
Uretiy, = ADH) unds 


ry ~ Oo 
nindirect gr 
ostulated o 
” The existence of these substances has been Pp 
en. 
Cture has not yet been prov 





154 Endocrine Glands 


I. Hypothalamo- 
eurohypophyseal System 


Hormones, Vasopressin raises the blood 
Pressure and romotes reabsorption of 


Water from the renal tubules. Deficiency: 
diabetes insipidus, 


smooth Muscle; jt st 


ell rganelles jn the 
"€Urosecretion = 


+ Carrier Substance) lies 
karyon C4, the @XOn nerve ce]] 
axon endings C6, ft 
S Out of the 
Perikarya tO the heurohy 

Pophysis and Is 
there Teleaseq (Bargmann an Scharrer), 


the 


ae ne hich Car © Neurosecre 
Orm th Aypo halamo. YPophyseal 
ract B7 Ich end neurohy- 
Pophysis Tger aq Wellings, which 
Contain urosecret ' known by the 
Older ame of bodies Th 
Neurosecrety ta ay be stored 
membre ndj D it CONsists of 
Ith a mea diameter; of 100~39p nes 
Neurohypophysic 
Tohypophysis AB3 consi 
ISts of a 
risk K of glial Cells (Pituicytes) and glia] 
= » A lype of « ecti tissue” Of the 
Vous tem Te a Merous 
“aPillaries t no Ive cel] In the 
FOL Pophysjs (One of e furohema] 
£1on 15 eur TY sub 





. as 
stances leave the axonal endings andp 
into the blood vessels B8. 


Hypophysis 


is (pituitarl 
The bean-shaped pennies fe a the 
gland) Weighs about 0.6g and ‘a tie 
sella turcica of the sphenoid oe vol \, 
center of the base of the skull, se i 
It consists of a glandular — 
adenohypophysis A9, and : The {ol 
Part, the neurohypophysis A ae d (se? 
lowing areas may be distinguis 
alsc n. 158.) 


. ‘or lobe) 
The ‘denohypophysis (= Soe ahi 
May “e divided into: pars distalis vidal 
the largest Part, pars intermedia ( ar zone 
lobe”) which forms a small mania " 
With the neurohypophysis, pars” laris) 
(“funnel lobe,” pars ‘aaowatt yset 
Which lies anteriorly on the hypop 
Stalk. 


‘or lobe) 
The neurohypophysis (= nee et 
is joined to the pg tea aans (fu0” 
diencephalon by the ast infil 
nel, hypophyseal stalk). The nti 
dibulum and the median ra ‘at 
considered part of the neurophys 


Wider sense (see p. 152). 


’ q tur 
Position of the hypophysis. The .* the 
cica is bordered on both sides mn Ii 
Cavernous sinus. The optic ey 
anterior to the hypophysis an ae 
damaged by pressure caused by nope 
the hypophysis (bitemporal ai 
see Vol. 3). The tuber cinereum rag 
the diencephalon) lies on the oe be ; 
Of the sella turcica, surrounde ee f 
cerebral arterial circle (of Willis), a}? 
58. As the base of the sella ree a 
into the sphenoidal sinus, na poem an 
to the hypophysis via the nasal ca 
Sphenoidal sinus js possible. 





A Neurosecretory nuclear region 
of the hypothalamus (diencephalon). 
diagram 


Utline 


y 


S¥stem 


ls 
H Pothalamo-neurohypophysea 
(req Cel| 





Oo 
S) and hypothalamo-aden 
- Schematic view 


ystem 


hypophyseal 


i n 
D Neurosecretion, electro 
microscope view 
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156 Endocringe Glands 


Vessels of the hypophysis. The internal 
carotid artery (see P. 58) gives off lower 
arteries which arise within the cavernous 
sinus, and upper arteries which arise 
above it. They pass to the infundibulum 
and the  infundibular process and 
amongst other things form special ves- 
sels. Venous return is via the cavernus 
sinus and possibly via the cerebral veins. 


ll. Hypothalamus- 
Adenohypophyseal System 


Hypothalamus 


Hormones, Releasing factors and release- 
inhibiting factors, see review p, 153, 


The neurons of th 
B1 in the mi 


the axons of the tub 
2 to the Median e 
The neuronal cel] bodies containing the 
regulatory Neurohormones luliberin 
faci LH ), Somatostatin (SRIF) and 
; Meese Uey lie Scattered in the 
€riventricular zone, the Perika 
= * e 6 F a f 
cach Individual hormone being nae 
In a different region of the “h 
» Perikarya 
-Teleasin 


minence. 





corticotropin (ACTH) is produced ay 
Which may also contain prolactin), a0 
those for somatoliberin (somatokrinin). 
The infundibular nucleus, a small-celled. 
well defined nucleus in the wall of the 
infundibulum, receives neural afferen® 
from other parts of the brain, and ee 
ulates the release of regulatory hormone 
On the median eminence. The unmyell’ 
nated efferent fibers of these systems # 
directed towards the median eminence 
and cach of them forms a relatively dis 


crete bundle within the tuberoinfundibv | 


lar tract. 


Median Eminence 


The median eminence B3, in the wall of 
the infundibulum, is the neurohemal ee 
‘on where the neurohormones pass an 
the capillaries. The capillaries of the re 
dian eminence, the mesh of capillan 
which penetrates the hypophyseal 
radially from the outside, are surroun 3 
by extended perivascular connective é ; 
sue spaces. The axonal endings gine 
neurohormonal nerve cells open af 4 
them and release the neurohormone a 
the perivascular space. Then t 
neurohormones pass into the blo0 
Stream through the “portal” veins ree 
(“portal” because like the portal vein“ 
the liver, between two capillary beds i 
run between the capillary beds of el 
median eminence and the adenony 
Pophysis) into the adenohypophy 
ABS, where they stimulate or inhibit a 
release of hypophyseal hormones. Ye 
neurohormone appears in the form 9 
variable-sized vesicles with a dense core! 
the axons and the axon endings. 


Regulatory circuits. The production anf 
release of neurohormones can be un ¢ 
humoral contro] (through the blood vé 
sels of the hypothalamic nuclear regio" 
Or under control by the central nervor” 
System (e. g., influence of psyche on ae 
rian cycle tactile stimulation on the bre@ 
to release milk etc. ): 


i 
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Hypothalamo-Adenohypophyseal System 


Hypophysis 
Sass 
————— ee 2 
Bm Oe SN mAVS 
@) Wy 7 
1 NS S 





A Neurosecretory nuclear region of 
the hypothalamus (diencephalon) 


II 
C Neurosecretory hypophyseal ce 





red cells) 
: 'ypothalamo-adenohypophyseal system ( 


| system: 
hypothalamo-neurohypophysea y 
Schematic view 














158 Endocrine Glands 
Adenohypophysis 


Hormones, Glandotropic and effector 
hormones, see Pp. 152, review p. 153; 
Malfunction of glandotropic hormones 


» acromegaly (enlarge- 
ment of parts of the body like the Car, 
nose, chin, hands, feet). 


The pars tuberalis (pars infundibularis) of 


the adenohypophysis Covers the hypo- 
Physeal stalk. Th 


Neurohypophysis AB3 (see P. 154), jn- 


fundibulum A4, diencephalon AS, 


4 Connective 


Portal vesse]s enter 
the a ‘“nohypophysis near the 


The glan dular ce 


lls Of the h ophysis ma 
€ stained diff ye ‘ 


Cmical Nature of 
d in these cells, 
N§ methods divide the 

hilic or 
Chromo hobic “neu- 
trophil”) cells. ° 


on Proteohormones STH and Prolactin 
are 


a und in the SO-called 
acidophilic cells, Which may be stained 
Wit Orange G Cg 

€ Proteoh, 
COprotein 


are 


ormone A and the gly- 


CTH 
ormones TSH, FSH LH and 
du 


Produced ; b . i 
POSitive) cQ}}. C8, enone PAS 





ed 
Chromophobe cells C7 are degrani a 
(empty) cells of all types, or stem cm 
“stellate cells” which are ane? sill 
completely by groups of Pac ede KF 
long, thin processes which subdi 
gland. 


, ‘eroscopl: 
The cells may be identified ‘ee 
cally by the hormones which : shen 
duce with the aid of sl abla ariel 
cal methods. The gland cells — navel 
ly separated to their cell type, on al 
scattered arrangement, thoug aie 
group does show local concen ) form 
The somatotropin (and iain oe orly 
ing acidophilic cells lic mostly fon “ 
and laterally; the ee ae 
melanotropin (or lipotropin) ie nei 
basophilic cells occur mainly ob inyr0" 
tral and anterior parts of gland; t * com 
‘ropin producing basophilic a he pa 
mon in the anterocentral part of h com 
distalis and basophilic ocinmti init 
tain gonadotropins ( follitropin : The 
pin) are found more spain fave no 
chromophobe, possibly stem cells ulate! 
characteristic position. poe ne 
chromophobe cells may be ot ches of 
amongst all cell types and bra enetrate 
chromophobic stellate cells P 
everywhere, 


ay be 
The differently stained cells a by 
characterised electron microscopica ade 
their content of ss ag th 
granules (vesicles with a dense . 60 nm 
size of which varies from erneantail 
according to the hormone they 1 state 
and according to their functiona hed by 
The cells may be further ne te 
the shape and position of their a thei 
and the different Sppedranke - The 
Crgastoplasm and Golgi cee 
Production and secretion of the ide” 
is by €xocytosis. Specific hormon aohis 
tification may be done immu 
tochemically, 









Hypophysis 159 


A Outline diagram of hypophysis 









and hypothalamus (diencephalon) 


diagram of hypophysis 


B Outline terior lobes 


anterior and pos 





ition of 
lar compos! . 
' one lobe of hypophysis 


(adenohypophysis) 





160 Endocrine Glands 


Epiphysis (Pineal Body) 


The epiphysis AB1 is a piriform struc- 
ture, about 12 mm long, in the roof of the 
third ventricle, It lies above the anterior 
two colliculi AB2 of the midbrain and js 
connected to the brain by pedicles, the 
habenulae AB3, Phylogenetically it 
arises like the parietal eye of the reptile, 
as the parietal Organ (phylogenetic 


change from receptor cell to secretory 
cells), 


d prob- 
» the €piphysis is jm- 
the Coordination Of hormonal 
the hypothalamus. 
Fine wr abi In the lobular Structure 
» Vessels, Connective tissue Cq4 

and 

Parenchymal cel] island 


S may be seen. 
Ith age, generation a 


tion occur. C6 Calculj (ac 


Processes jn 


nd Cyst forma- 
€rvulus). 


Adrenal (Su 


Prarenal) Glands 
Each adrenal conc; 


Capsule. The right adre 
Nal 
cr triangular and the Je ae hd 
semilunar jn Shape, At th 
, € back 
ae gland has a hj uM where the ee 
. ymph Vessels leave, Whereas arteries 
Nerves enter the glands at Many sites, 





The adrenal gland is enclosed in a com | 


nective tissue capsule which radiates tid 
it. The organ, rich in lipids, is visib 
through the capsule asa yellowish shining 
structure, 


On the cut surface of the fresh organ, 
parts less than 1 cm thick, it is ee a 
distinguish the broader yellowish-brov 
cortex E9 from the smaller, greyish-r¢ 
colored medulla E10. 


Adrenal hormones. The adrenal crs 
Produces several corticosteroid it 
mones (corticoids). The most og en, 
can be summarized in three grou 
mineralocorticoids (e. g., aime 
Which regulates sodium-potassium . 
ance (Na retention if K is excreted) a 
water balance. The glucocorticoids (c. A 
cortisone) diminish carbohydrate ae 
tion by cells (so the blood sugar rises) te 
control gluconeogenesis. The mene 
ticoids can also produce a reduction in He 
number of lymphocytes circulating in 3 
blood and inhibit the phagocytic action } 
granulocytes and monocytes, thus at 
pressing the symptoms of pagencieioni 
Glucocorticoids also aid the nonspec! i 
resistance of the organism to stress “pe 
tions (adaptation to hunger, thirst a 
change of temperature), Hyperfunctt 
(Or excessive drug administration) got 
to Cushing’s syndrome with a moon jet 
and obesity of the trunk, and hypofu! se 
tion to general weakening of decrees 
Which is ultimately lethal. Masculinizi é 
hormones ( androgens) are produced ‘ia 
ing the synthesis and breakdown of oe. 
ticosteroids. Overproduction of ae 
ens in women leads to their masculiniZ : 
tion: adrenogenital syndrome. Fema i 
sex hormones are also produced in sm 
quantities, 
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ye 
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s in relation 
le (sagittal section 


through diencephalon) 


ition of epiphysi 
B Position OF ' 
A Position of epiphysis from to 3rd ventric 
above and behind in relation to 
diencephalon and mesen- 


Cephalon 






D [see Y 
CBIND (A 


70 0 2 -7 


_ 
( 
4 Jf -@ 
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C Microscopic section 
'Ough epiphysis 





\\ 


1, 
and, 


tion on right | 








I gl 
Left adrena 
‘ transverse Sec 





(see also Pp. 163) 
D: Right adrenal gland 
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162 Endocrine Glands 


Adrenal hormones, The adrenal medulla 
Produces hormones Which also function 


newborn adrenal cortex, under the ses = 

- Both of these hormones increase the ence of choriogonadotropic ee swe 

Ood pressure and the cardiac Output, from the placenta, possesses a we oe ees 
and adrenalin also raises the blood sugar veloped zona reticularis. The aft cal 
evel and stimulates the adenohypophysis glomerulosa is absent. In the Ist year @. <. 
to release A 


(cachexia), 


Adrenal! Cortex 


The adrenal Cortex AJ accounts for 
80-90% of the total Weight of the Organ. 
t contains, apart from fino; 


Transformation of the cortex. In the 
course of life the zones undergo ee 
and shifts occur particularly at both ap 
ders of the zona fasculata, the outer mF 
inner transformation zones. The fetal an 


birth the fetal zona reticularis eal ae 
and a three-layered cortex with an ae a 
tinct zona glomerulosa and sdaarselye 
apparent. In the postpubertal perio oe 
zona glomerulosa and reticularis bec " 
wider; the three layers are better defin : 
in the female than in the male. In pos 


; losa 
climacteric old age the zona again A 
and reticularis again become sma 


ive 


aCe SD 


a “1O)y He 
oe 






























: in the : 
ipoids. | more abruptly so in the female than a ne ! hes 
Ipo , 
? = ansformation. < 

scin and other Substances, and large Male - da Agee ACTH is re SON 
amounts Vitamin C Adrenal '8@nism ist under perere d this ANS 4 of adrenal cortex 161) 
medull pene leased in increased quantities, mage | woe : ie (section from E, p. 

quickly results in temporary wideni ats ea RANG and m i 
beg Structure, The Parenchyma of the the zona fasciculata, increased a pie Sis Mie 
adrenal cortex Consists of Strands and of lipoid deposit and expansion 0 a SOE Ne 
nests of Cpithelial celis between Which zona glomerulosa and reticularis pia aoa . it 
Connectiy, tissue, Od vessels and = gressive ransformation. The two ‘ “is 2a 4 A re a 
shee Penetrate radially from the Cap- ones are dependent on the hypophy le 
; life the ep ga During the course (ACTH). 7 SS : me 
Chial cells ‘ int Pia fifi! 

arranged j Nes whic Sear ats ae alt is not possible to allocate with cer wae oes ion through adrenal cortex, Le 
Several time Three | vaustormed the production of particular pede the eNOS B Section t Ki 
time of ayers are SCen at the Particular types or zones of cclls wit : REV GON cortical zones fs 
(zona los - Th €omerular zone exception of the mineralocorticoids lg oh lose" } 
cell hee Sa) B3 ies in the form of are in the zona glomerulosa and seer es | an CoA) COO iH 

© Zong ntemmally beneath the capsule, dependent on the hypothalamo-hyp Deeeaal «| ag! 
: Zona fasciculata B4 follows toward al system but are stimulated by a hse 

© center ang S a broad | ayer of enin-angiotension-system. The ies duce EEE ERIE 
Paralle} Strands Pithelial ¢ M of the corticosteroids are probably i t steps 
Zone o Cupies th lar est cus. This by many cells of the cortex, but the eae 
Cortex, Its big Bes of the Of synthesis are undertaken by ears cr 0 roa renee 
lipoid droplet ygonal Cells Contain — ey] Organelles of a restricted eke ro- | 
Usual hic lo $ Which are dissolve bythe cells. The zona fasciculata is the most P 

is ip i fixatives tO leave on} ductive of all the layers. | 

- MES staj 

Yellowis Bolder on ain the cortex ga Vessels and nerves, see p. 164. | 
fic, , Ona re. | 
n tale JOINS toward the ce 
etwor f 





"23456769 hth we 7 Mh 
Onths of | [ie 
e Pregnancy 
mented bang, © ™"!¥ing glass as a pig- 


Rotter) i a 
different ages (from Hi) 
C Transformation of adrenal cortex at 


60 70 
0 50 

= - sae 11 16 20 30 

fete Nter. Its ~ 
Heh : Tands of Cells is acidophilic: | 
ies Be the Cells Contain increasing 

Nts of Jj Ofuscin anules, Fy ; 


ne 
* = Outer transformation ea 
eS inner transformation Z 





164 Endocrine Glands 
Adrenal Medulla 


The adrenal medulla is a derivative of 
Sympathoblasts, q « ympathetic para- 
S4anglion.” The cells of the adrenal 
medulla COrrespond to a Second sym- 


Pathetic neuron, which has no nerve cel] 
Processes, Like the 


Pathetic neuron in the 
tive nervoys System, t 
lary cells are innervate 
Sympathetic fibers, 


n {WO types of 
€ranules m be distinguisheq b 
UOrescen icroseo After treat- 
Ment wit Potassium 
turn br 


in Ochromic). Between the 
pithelia] Cells t 


Te are Vegetative nerve 

Cells A3 and nerve fibers. 
The Cells Of the adre edulla, deriva 
Ives o y Pathicob] StS, have the Po- 
tential] PUD.-ce}]< In the huma 
adrenal] med lla, j addition to adrenalin 

NOradrena] : derivates of 
Proopio elanocors (B- orphin and 
a melanotron in d 


Ma ved as Well as 
en- 
Kephalins, Substan ; Somatostatin and 
8S Vasoacy; ve intestinal] Polypeptide (VIP). 


4nd the al artery (see oe ane 
from the aorta. ide, Tadially arranged 
“aPillaries Tun from the arterjes into the 
ic and Ws fr €M into 
arterje Cctly f ine 
€med re the OW may be 
alreste Porarily CNS With Stron 
Muscle Coa Cking ve € dir : 
“on of TOM the ¢ Into ns 
Cdulla e bles COrtiso] ; 
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duce the conversion of ao oe 
adrenalin (by affecting an enzyme van 
medulla). The lymph vessels form : fe 
lary networks in the capsule — 
Parenchyma. Amongst the ti a 
autonomic nerves there are many ta 
&anglionic sympathetic fibers (see 

that enter the medulla. 


Paraganglia 


wae ited 
The small pea-sized knots of epiia 
cell heaps which lie on the eda 
Called “paraganglia.” In the past a 
Were subdivided into “sympathetic a 
ganglia,” which lay on sympathetic a 
fibers, and “parasympathetic parse 
lia” on nerve fibers which also conta 
parasympathetic nerves. 


. re 
Sympathetic paraganglia, These : a 
small endocrine glands, which ae. 
noradrenalin and adrenalin pea 
from sympathetic anlagen, whic oa 
grate from the neural crest. Their S ‘be 
ture and Staining characteristics ie thé 
same as those of the adrenal medul ies 
largest sympathetic Biecipe on ihe 
SsyMpathetic Paraganglia in regar i 
adrenal medulla are also calle < 
tramedullary, chromaffin cel] sive 
hey Mostly occur in the se Sean; 
Space. A sympathetic paraganglion serial 
lem long lies at the Origin of the in ori 
Mesenteric artery, the abdominal a 
Paraganglion (Zuckerkandl). 


ea? 95° 
The “parasympathetic en 7 
Sociated with the glossopharyngea o 
Vagus Nerves, the carotid coil in- 
aortic glomus, are chemoreceptor The 
Volved in regulation of ne is 
term “parasympathetic paraganglio 
NO longer used. 


. c5 
Carotid glomus: C4 nerve fibers, 
Parenchymal] cells. 


B Section through 


ulla 
Paraganglia of the Adrenal Med 





'etroperitoneal Sa 
‘¥Mpathetic paraganglio 
after Watzka) 





| 
A Section through adrena 
medulla 






otid 
ion through car 
© lomus (carotid bod) 











166 Endocrine Glands 


Thyroid Gland 


The thyroid gland weighs 18—60¢ and 
consists of two Oval lobes ABC1, 2, 
which lie on either side of the trachea and 
the larynx. They are connected by a 
bridge, the isthmus AC3, at the level of 
the 2nd—4th tracheal cartilage. In 50% 
an appendix, the pyramidal lobe A4 ex- 
tends from the isthmus toward the hyoid 
bone. The gland is enveloped by a fascia 
C5 and subdivided by connective tissue, 
Another tough fibrous capsule C6 from 
the middie leaf of the cervical fascia js 
loosely connected to the thyroid gland in 
front and at the back to the trachea and to 

scular bundle 
C7 of the neck. In front of the thyroid are 
the Sternothyroid and Sternohyoid mus- 
cles and the middle layer of the cervical 
fascia C8, Between the Organ capsule and 


the fibrous Capsule Posteriorly are the 
parathyroid glands B9, BC10 


C11 Skin of the neck, C12 
superficial layer of 
Sternocleidomasto; 
layer of the 
esophagus. 


Platysma, C13 
the cervical] fascia and 
d muscle, C14 deep 
cervical fascia, C15 


and produces two 
triiodothyronine. 
» 4nd calcitonin on the other, 
Thyroxine and its bioactive derivative 

ate cel] Metabolism 
Ormal body growth. 


Ng cells 


oOrmones, thyro) 


Matostatin-produc; 
the regulation of hormone 
release. In a a 


Processes jn 
OSS Of Weight. rise of 


d down. and 

UDcutaneous tis- 
sues) develo S- 11 Congenital hypothyroid- 
ism (thyroid deficienc artism and idiocy 
cretinism) ensue, 


and Promotes bone 


formation ant i 
é antagonis 
to the action of the Parathyroid } i 


Fine Structure, The gland CONSists Of ye. 
Sicular follicles D16 and ducts Where thy. 
rOxin is Produced, ; Ose connec. 


les are lined by 


tive tissue D17. Th 





a simple squamous to high cuboid 
epithelium. Their lumen is seagie <a 
homogenous colloid. In the age 
fixation marginal vesicles ge ia 
in the conglomeration of fol le i, 
epithelial cells and in the romper, 
Sue are interspersed groups of br 
Staining parafollicular C-cells D18 w 
form calcitonin. 


Hormone production and cele 
roxine and triiodothyronine are proc ie 
in a stepwise fashion, then stored " a 
follicle bound to thyroglobulin, an e 
leased into the blood when on in 
protein thyroglobulin is een ie, 
the basal part of the cell and is re Ticket 
apically into the lumen of the fo ae 
Circulating iodide (under the influen ‘i 
thyrotropin) is rapidly taken up ae k 
basal plasmalemma and oxidise of 
iodine. It is bound to thyroglobulin ‘e 
tracellularly in the colloid. In order in 
release the hormone, which is saan 
the follicle, under the influence of ue 
tropin the epithelial cells take up ‘of 
colloid at their apices. There, the oF 
lyosomes break the bonds hon hemi 
hormone and the globulin and the 


: ation DY 
mone is released into the circulation 
diffusion. 


“1, the 

Functional phases of the follicle. hae 5 
secretion is being formed the epithe " f the 
are cuboidal E19, and during storage © ring 
secretion they become flatter E20, : aif 
the phase of secretion the x a pee be 
frows taller E19 (in animal oS EH). 
Within 30 minutes after injection of T ‘cle: 
follicle may shrink into a collapsed vithin a 

ut it can be refilled with colloid Sold 
day. The thyroid gland is activated by emth 
and darkness, and is inhibited by ‘am pur 
and light. The gland is enlarged eat 
berty and pregnancy. It goss smaile 
48¢; starvation leads to degeneration. . 
Vessels and nerves. For the superior . K 
roid artery sce p. 52. The inferior thy : ad 
artery divides near the inferior ww eek 
nerve. The veins drain into the Jugt “els 
and left innominate veins. Lymph one 
drain into the deep and pretracheal weit 
cal lymph glands. The nerves arise 088 
the superior and inferior laryngeal ne 
and from the third cervical ganglion 
the symphathetic trunk. 











. d in 
C Position of age ge 
relation to va section 
ic hori 
schematic 


on of thyroid gland 


k 
from front and from bac 


E Thyroid follicle 
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above: filled, below: empty 
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Endocrine Glands 


Parathyroid Glands — Pancreatic Islets 


Parathyroid Glands 


The 4 parathyroid glands A1 lie at the 
back of the thyroid inside its organ cap- 
Sule. Each is lentiform, about 8mm long 
and weighs 30—50 mg. 


The hormone of the parathyroid glands, 
Parathyroid hormone, regulates calcium and 


cium. Removal of th 


€ parathyroid gland 
leads to muscle Spasms 


— tetany. 
Fine structure, Each pa 


may be distinguished. The 
cipal cells vary in their a 


erfunction: tendency to hypoglycemi3. 
octintas is ect in diabetes men 
and is manifested by hyperglycemia, gl} 
cosuria and polyuria. 
Fine structure. Each islet measures 
100-500 um, and consists of an avery 
of some 3000 hormone-producing cells 
linked as in a network. They are arraney 
in groups or strands. In places they i 
connected with exocrine gland cells B : 
comparable with endocrine cells bene 
the exocrine intestinal epithelia. Using 
immunohistochemistry and special stain 
ing techniques, the following types oF 
may be distinguished. A-cells, B6 (blac 
ened with silver staining), about 20% 
all cells, produce glucagon and a mg, 
inhibitory polypeptide (GIP). B-cells, ¥ 
(secretory granules fixed with dina 
cells appear clear), about 80% of ce i 
form insulin, which is retained in Ai 
granules as a precursor zinc complex. 
the same time a Y-aminobutyric . 
(GABA) synthesizing enzyme, may E 
demonstrated. D-cells (which stain blue 
With azan) are rare and contain somalo 
statin, which regulates insulin release fe 
hibitory). In addition D-cells contain 





A Position of parathyroid 


Right: microscopic section 
through gland 





nae 


ion 
Below: microscopic sectio 


woe ns SOR 8 ee: ute ee ae Le 
I ie A ar ae an Oe Oe islet of | 
. : ‘ a f Y “ ww pod : “ r 7 ae al rou h one 
endorphin. In human diabetics there is Wns throug 


shift in the proportion of A- to B-cells if 


of 
p Meats *°% 
tad Pa 





a 
/ weenph 5s -- Langerhans — Ce 
oss f fs ey YZ 2 Ye (o ) 
cells a favor of A-cells: the glucagon-insulin “ | ing Rif Op Fos Q) © ¢ | 
i. Te laren? (Proportion about lagonisms is upset in favor of gly’ ya iy rere, S 4 | 
i oe larger then the Principal Cogenolysis. Many other peptide hot eer; ‘ 
cells and are rich in mitochondria. It js ohis” ei 
Possible that they are different functional mones may be demonstrated Immun de- a Di IH 
States of a single type of cell. tochemically, Corresponding to oo x 

velopmental history, in the formatio 40° 
Is! the association of its exocrine and en ‘4 
Slet Cel] Organ of the crine parts, the pancreas resembles 
Pancreas 


islets of 
tributed throughout 


: The islets Produc 
me Catle 
antagonistic hormones: Insulin one 


the bloo Sugar leve] 
) : 1yper- and h - 
tion with regard to insulin are nee ‘Hy. 





greatly compressed collection of mod 
ified epithelial cells enriched by B cells- 


Vessels and nerves. The islets are per ; 
ated by wide capillaries B8. A microcl”” 
culation exists between the individual = 
let and the surrounding exocrine nist? 
through small insuloacinar portal vessé A 
(influence, for example of the D-cells 9 

the activity of the exocrine pancreas 
Sympathetic fibers stimulate the secretio 

Of glucagon and inhibit that of insuli? 
Which is stimulated by the vagus nerv& 


Serotininergic nerve fibers inhibit the °° 
lease of insulin. 

























170 Endocrine Glands 


Gonads as Endocrine Glands 


The sex hormones are formed in the gonads 
(reproductive glands), andtoa lesser extent 
in the adrenal Cortex (see pages 160. 162). 


Ovary as an Endocrine Gland 


The regulation of endocrine activities js 
Particularly Conspicuous in the female 
sexual (menstrual) cycle. We distinguish 
the actions of the hypophysis, and indi- 


Pophysis, 


Ovarian (menstrual) cycle, 
information On the phases 


For further 


of the men- 
Strual cycle see P. 300. Releasing factors 
of the hypothalamus (see 53) cause 


Secretion of the gonadotrop; 
Of the anterior lobe of 
Al 


&€neration phase (Days 
—4)., yPophysis: a small rise in LY and 
FSH at th f 


(“estrogenic 


Mation of hypoph 
estrogens act On th 


Secretory Phase (“luteal 
phase") (6, ise Or gestagenic 


duction In the LH and FS Ypop ysis: re- 





TT  ———— 


28th day, when there is a small rise in LH 
and FSH release. The hormones act 0? 
the ovary, Ovary: LH produces the co 
version of the empty follicle after ov 
tion into the corpus luteum A4, wit 

simultaneous inhibition of estrogen pro 
duction, and starts the secrection of pro 
gesterone, the hormone which is a 
duced by the corpus luteum. At the are 
lime, the ripening and ovulation of on 
follicles is inhibited. Hormonal feedbac é 
the high concentration of progesterons 
restricts the formation of ponadetrors 
hormones in the hypophysis. At anes 
the 22nd day, the corpus luteum begins 
Tegress and there is a reduction in t é 
formation of progesterone. (If pregnant 
cnsues, the trophoblast takes over ] 

Production = chorionic eonadoo 
Progesterone production remains hig 
and the corpus luteum remains money, 
corpus luteum of pregnancy.) Towardt i 
end of the cycle, the low level of pie Se 
terone stimulates the production of FSH: 


us 
The hormones act upon the muco 
membranes, 


Testes as Endocrine Glands 


Leydig’s interstitial cells ABCS, the sah 
ducers of the male sex hormones, aaa? 
ens, are arranged in groups meee 
around the blood vessels C7 in loos 4 
connective tissue between the convolute¢ 
seminiferous tubules (tubuli Sent 
Contorti) AB6, Small amounts of fema 3 

Ormones are also supposed to be ad 
duced, Androgens have a local effect “ 
Sperm maturation, as well as a genre 
One in which they promote developmiee 
of the genitalia and of the secondary ~ 
characteristics. The interstitial cells 
stimulated by LH and sperm maturatio! 


B6 by FSH from the hypophysis (see 
Pp. 154), 


Inhibin, which js produced in the ign! 

Cells of the Ovary and Sertoli cells er 

testis, when FSH stimulation occurs, inhib! 
Production but not LH production. 











Estrogen Estrogen 


an 
othalamus 
A Sex hormones, dependence er 

effects on them (menstrual cy 
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B Section through testis 
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ne 
Progestero | 
d hypophysis and their 


Interstitial cells of testis 
(section from B) 























172 Endocrine glands 


System of 


Gastroenteropancreatic (GEP) 
Endocrine Cells 


The endocrine cells of the gastrointesti- 
Nal tract and islet or 


d as represen- 
“System they produce 


Tesponse to a Stimulu 
ly by €XOCYtosis BG, 


A cells form 8lucogon in the islet Organ, and 
e slycogenolysis, 


rd ols form heoactive intestinal Polypep- 
» Which pro uces dilatation 

of 

SMOoth muscle (vasodilatation, Sphincter 

Secretion, 


Tele 
ase of Tmones and inhibits 


S 
Telease of Sastric acid. 


E 

ae ae “nterochromaffin Cells, Produce q 
. Teaction Oduct on fixation yj 

Potassium chro ois 





ECL cells, enterochromaffin-like”, resets 
ble EC-cells. They produce histamine, ‘ 
hormone which increases the local Peal 
ability of capillaries. Occurrence: 0 
stomach. 


eS my 
ENK cells: Enkephalins inhibit ee aia 
somatostatin. Occurrence: gastrointes 
tract, particularly the antrum. 


* . , var 
G-cells produce gastrin, which en hances thd 
ter, electrolyte and enzyme secretion me in: 
stomach, duodenum and pancreas, an 


al 
hibits reabsorption of water in the sm 
intestine. 


GRP cells produce the peal Pa 
tide (bombesin), which stimulates t © tric 
lease of gastrin and thereby increases gi me, 
acid secretion. Occurrence: stom 
duodenum. 


! cells produce cholecystokinin (C age e “ 
creozymin). Under the influence o sti 
acids, amino acids and low pH in the Hae 
nal lumen it is released from the ites 
into the blood; in the stomach it simula 
Secretion of gastric acid and peptides, tili- 
hances stomach and small intestinal mo 
ly. It gives the feeling of satiation, 


K cells: their hormone, gestalt 
Peptide (GIP) acts antagonistically to Soa 
(inhibition of hydrochloric acid secretio 


rs 
L cells (EG cells) are glucagon agmcy 
(enteroglucagons), like the A cells o 
islet organs, 


‘ . inal 
Mo cells: motilin stimulates  intest! 
motility, 


7 ] le 
NT cells: neurotensin produces hyper et. 
cemia on release into the blood afteram 


4, the 
PP cells produce pancreatic polypeptide, ' 
function of which is unclear. 


7 . es 
S-cells produce secretin, which Sete 
the release of pepsin and enhances t eens 
Cretory activity in the intestine, pan 
and gall bladder. 


Endocrine and paracrine gece 
any hormones of the gastronee a 
€ndocrine cells produce their sg M 
the bloodstream. However, other he 
mones have such a short half-life in ce 
blood (less than one minute), that a i 
longed) action via the blood stream B ai 
unlikely. A more local action has ee 
hypothesized either in the extracel 
Space B7, on other cells or on nee a 
receptors, or via locally limited vascula! 


‘i ine 
Systems. This has been called paracrin 
S€cretion. 
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Digestive System 


The body maint 
Btheir functions 


» fat and carbohydrates, 
ace nutrientse e. g. | vit- 


in lermediate 
Metabolism, Part of which js the “j 


regulated Salt 


US, Severa] Organ systems 
the Intermedj 


t ate metabo- 
lism: the digestive, respiratory and cir- 
Culatory Systems, and, in a oOrdinating 
Capacity, the endocrine glands and the 


and water 


Role Of the Foregut inthe 

Digestive System 

The digestive Organs, like the Organs of 

1}, Piration, are situated Partly within the 

a a neck, and Partly within the 
+ Ae anterior art 

digestive System Soltis ieee aah 


© Oral cavit 
aw n Ous sm Pairs of large 
Sa i oa » 4nd the mj dle and OWer 
Parts Of the Pharynx (thro t 
beginning Of the eso irate 


Phagus ( ullet) 3, | 
the foregut the food js taken in by mae 





? o ved, 
of the lips, teeth and tongue, ~_ : 
lubricated with saliva and awa - vail 
single bits. The digestion of an ail 
within the mouth, e.g., if mae al 
saliva, bread tastes mee a Oia 

trol the 
[factory organs con , 
wn Ft of food. The tonsils serve 
denfense against infections. 


Trunk Section of the Digestive 
System 


; : be 
This section comprises the canta 
(alimentary canal) from the ee “il 
the esophagus to the end o ane 
(anus). It is divided into the esop oe 
stomach 4, small intestine sao ee 
jejunum 6 and ileum 7), large r oi 
(colon), consisting of the cecum 8, nis 1 
dix 9, and ascending 10 and enn 
and descending 12 colon, the sig 
colon 13 and the rectum 14, 


ns° 
The esophagus is only a tube 0 aie 
port. The break-down of rina ee 
place partly within the stomac gon 
completed in the small nee Tae 
the separate constituents of the oa a 
are absorbed. As in the foregut, or alae 
a large number of small and the eo ihe 
digestive glands, the liver 15 : “stive 
Pancreas 16, which produce Sa 
juices and release them into _ ‘He 
intestine. The unabsorbed part ite 
food is thickened in the colon ¢ aoe by 
extraction and transformed into fe The 
fermentation and = pm ene the 
feces are then moved to the en 
intestine (anus). 
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Survey of digestive 
system 














176 Digestive System 
Oral Cavity 


The oral cavity (cavitas oris) may be 
divided into the y 


AB1 and the Cav 
(cavitas oris Propria), which together 
form the ora] Cavj 
the term. The ve 
cheeks and lips 
teeth and alveo} 
on the other sid 


the space inside the rows of teeth. If the 


» become Visible, 
Palatine arch, A5 
7 frenulum of the lip. 


Vestibule Of the 


Median Section t 


Oral Cavity 


Cheeks form the very elastic 
€xternal wal] Of the Vesti 


bul 
Plate (Orbicularis or; he 2 & muscle 


us Membrane of 


ty Join each Other across an 
Intermediate Zone, the Ted area Of the 
Ips, 
The lips, labia Oris 
, are Connected | - 
ly at the Corners of the ie 


Mouth. Th 





in its 
nose over the midline of the lip, ne 
extension the upper lip possesses a ad 
shaped prominence C22, which fits 
groove in the lower lip. 


al 

Skin zone, red area of the lip and mi 
zone: The skin zone of the lip D23 isc a 
by epidermis with wt Seceaeerek 

t glands (see p. 344). [ts bor ei 
rédaiee of the lip D24 projects as “| sb 
of the lip D25, which is forme eta 
extroverted part D26 of the pera This 
mouth, the orbicularis oris muscle D a andl 
Structure serves to curve the lip inwa | 
to aid its tight closure. 


, af 
The red area of the lip is not ses ee 
cated from the mucosal zone D28. ad pie 
area of the lip D24 cornification ui? e 
mentation of the epithelium yee the 
the skin dries easily. The ted co Oca 
blood shines through ogee me the 
the capillaries of the high papilla “tet 
connective tissue reach near to the su ar the 
the epithelium. A dark discoloration a 
blood in O, deficiency, cyanosis, ape the 
in this red area of the lips. The son mine ‘ 
connective tissue secure the interlo em 
epithelium and connective ce orcostll 
border between the red area eae =, whic 
in 50% of adults are sebaceous glan 
do not appear until puberty. 


; cke! 
The mucosal zone D28 continues as : a A 
into the gums of the upper and ln 
the center the mucosa is ae rate 
gum by the frenulum of the lip A i * zed 
mucosal zone there are ito gc 
Scromucous lip glands (glandulae 

29 
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through oral cavity 
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Cheeks (buccae). The buccinator muscle 


forms the Muscular basis of the 
Cheek, Jt extends fr 


uscle plays a Part in 
Sucking and chewing and can be formed 


and it can Casily be seen 
and palpated in th °Pen mouth. The 
MUCOsa of the Cheek js MOvable. Two 
TOWS of sero UCOus glands of the cheek 
the bucca] i 


t ‘d 6 Pterygoideus 
, er “fe 
orbicularig oa Yg0ideus medialis, B8 


Gums (gingj 
tibun . ‘lac At the base of the ves- 


Mouth and ON its Ja 
edges (at the chee ips), the ol 
eae Osely ¢ hected with the 
derlying Struct © jawb 
the mucg at i 


Sinto 
Sums that is 4; the part of the 


Cola ne 
Heo le by —2mm. At 
Sngival borde 8 distinction is mad 
CtWeen t¢ xte i oliure 


ee al gingival e ithelj 
e] 
(going towards th Vestibule) ang the 
ium runn; 





runs to the surface of the tooth i 
Shallow groove, the gingival su ‘ 
(which can be up to 0.5mm coer 
healthy persons), smoothly cover F 
connective tissue of the periodontur ‘fi 
distinction is made between a milous 
active basal layer (lying on the con 
tissue of the gingival border) anda me 
cally inactive suprabasal layer (lying ¢ a 
to the tooth). Cells that have sage, 
old are discharged into the ging 
sulcus. 


Oral Cavity Proper 


; Ad 
The oral cavity in the narrower sense 


the 
lies behind the teeth and extends at ot 
isthmus of the fauces in the region oO | 


back of the tongue, see p. 176. 


}> 
The muscular floor of the mony 
formed by the mylohyoid muscles A the 
Which run from the mylohyoid line 0 the 
mandible to a medial raphe and . Ke 
hyoid bone C11. Above the floor 0 Re, 
mouth near the median plane lie the 


jin 
Seniohyoid muscles AC12. The sub 


° re 
8ual gland A13 lies on either ie 
tween these muscles and the man 
The paired genioglossus muscles A he 
arise above the floor of the mouth ae 
center of the inner side of the mandi 


rol 
They constitute the bulk of the bod) ( 


v 
the tongue. The anterior belly ee 
digastric muscle extends below the he 
of the mouth on both sides from oi 
Tegion of the lesser horn of the an 
bone to the digastric fossa of the a 
dible. On either side the submandit a 
gland A16 lies between the muscle ¢ 
the mandible. 


y 
The roof of the oral Cavity is formed © 
the hard and soft palate. The EN 
mainly filled by the tongue. A17 Ma! 
lary Sinus, A18 platysma. 
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A Frontal section 
of oral cavity 


B Muscles of lip 
and cheek 
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Teeth 


The teeth (dentes) from an arch which 
separates the vestibule from the oral cavi- 
ty proper. Human teeth lie close together 
without spacing and are individually 
shaped according to their Specialized 
functions. Chisel] shaped incisors are for 
biting, long canine teeth Which are firmly 
rooted in their anchorage, are for tearing 
and gripping, the Premolars with their 
broader crowns are for grinding and 
crushing, while the molars do most of the 


chewing with the broad grinding surface 
of their crowns. 


The nucleus of the tooth is made up of 
dentin BD 1, Teeth consist of the follow- 
ing parts: the crown A2 extends above 
D3 and js covered by 


(desmodontium) BD6. 
ered by cemeny BD7. Th 


. * the root apex 
(apex radicis dentis) A9 


iS perforated by 
the root canal B10, Which leads into the 


is) B11, filled by 


apex of the root 
Mification” C13. 
al treatment very 


‘ ’ “apical ra 
as may make root can 
difficult 


are very 


Inorganic Organic 


Water 
Matter Matter 

Bone (4 yrs) 48% 25% 27% 
Bone (adult) 62% 25% 13% 
Dentine 69.3% 17.5% 13.2% 
Enamel ge 17% 9307 
Dentin BD1 js rod 

Which lie ad javent is ihe taie’ mr a 


T surface of the 


dentin, and their processes (Tomes’ fibess) _ 


smarts far 
lie in the dentin canaliculi and extend oy 
as the enamel-dentin or the cement- s 
border. Dentin does not contain any 


- ‘ the | 
vessels. In a section through a tooth nearth 


border with the enamel, there are hooey 
dal or serrated interglobular spaces 2 
areas of deficient calcification of the eel 
substance. The dentin of the deciduous pn 
(milk teeth) is thinner and less restates 
that of the permanent teeth. The en aa 
BD4 is the hardest substance in the wer. 
body. It consists of small, convoluted. we 
terally furrowed columns, the ent ie 
prisms, about Sum in diameter. pee. 
bound together by a sparsely ca sin!) 
ground substance. The prisms are a ; 
arranged radially. The cement BD "cells 
network of bony substance With few ihe 
and with collagen fibers linking it to the 
dentin and the alveolar wall B15, pee: 
fibers of the periodontium (Sharpey’s fit he 
are anchored. The pulp of the age 
loose connective tissue of the pulp af 
contains blood vessels, and myelinated aio 
unmyelinated nerve fibers. New aes J 
blasts arise from the connective tissue 0 ae 
pulp and they are responsible for the for 
tion of secondary dentin later in life. 


f 
The gums, gingiva D, which join the bone 
the oral side, extend beyond the a ie 
border as “free gingiva.” On the oral Saal 
the gums are covered by the oral Bin? ihe 
epithelium BD16. The dental side spit 
epithelium, the border epithelium B “ef 
lies on the tooth’s enamel-dentin get 
and covers the gingival sulcus D22. ont 
dental cuticle, D19 internal basal oe 
brane, D20 external basal membrane 0 ae 
border epithelium, D21 noncellular ycus 
fibrillary cement, D23 oral su 
epithelium, 


a 


<<< 





T 





" 


B Section through alveolar 


A Parts of tooth 


Process with canine tooth 


(lower jaw) 


12 
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C Variability of root canals 


(after Keller) 


D Gums 
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182 Digestive System 


Orientation of the Teeth in the Jaw 


The labial (buccal or vestibular) surface 
of each tooth lies at the vestibule (i. e., at 
the lips or the cheek), and the lingualand 
palatal (oral) surface is directed toward 
the oral cavity Proper (i. e., toward the 
tongue). The mesia/ (proximal) surface is 
directed toward the median plane of the 
facial skull, its distal (lateral) surface 


Structures Supporting the Teeth 
IN Position 


The periodontium (desmodontium) pro- 
Vides a SPringy suspension of the teeth in 
the bony alveoli B 


Tm the Structures 
th firmly in Ositi 
and, together with the Y 1N position 


cement, they are 
ek Be the p rodontium, They de- 
feck. seer uring eruption Of the 


- Towards the al- 
€ course of the fibers 





becomes more horizontal, and fibers tha! 


run from the alveolar edge up to the neck 
of the tooth come under strain when Of 
tooth is pulled. The fibers travel ina mn 
tangential than radial direction owe 
the tooth. Every mechanical pew 
produces resistance in the tooth, cf. “a 
the interdental region, finally, interden 
fibers connect neighboring teeth. 


The separate functions of different Ped 
of the masticatory system are mi ‘be 
the development and arrangement 0 i 
collagenous fibers of the perc 
membrane. Muscles producing verti F 
and central stress affect the fibers ame 
down to the apex, and muscles product 3 
horizontal stress effects affect the wie 
that run horizontally. The bone resp 
to normal mastication by forming a 
spondingly directed spongy trabecu ie 
but to a misdirected mastication it 
sponds by atrophy. 


Clinical Tip. Abnormalities in ae 
tory movements result in faulty aan 
age of a tooth. Excessive horizontal it 
On a tooth, for instance, leads to oe j 
Sive pressure on the bottom of nA 
veolus on the loaded side and to press f 
On the rim of the alveolus on the se, 
side (tilting movement). eas agi : 
the alveolar bone and loosening 0 
anchorage of the tooth may follow. 


ins 
The periodontal membrane ee 
glomerular blood vessels, which ac - 
hydraulic cushioning thought to “io! 
axial masticatory pressure. Its pas it 
is transmitted to the tooth. The perio es 
tal membrane is supplied by tactile cnet, 
(pressure sensation) and contains a ae 
vessels. The lymph flow is directe¢ sf 
ward the tongue and cheeks into —, 
submandibular lymph nodes (from 
maxilla via the lymph vessels of 
Cheek). » 


DE4 Dentin, D5 pulp cavity. 


— 





8 Alveolar Process from 
Mandible 


Nee 


-_ 
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Dental arch. The teeth in the upper and 
lower jaw each form a dental arch. The 
arch of the upper jaw (maxilla) is shaped 
like an ellipse and that of the lower jaw 
(mandible) like a parabola. Therefore. 
the teeth do not meet each other exactly. 
Their position corresponds to the differ- 
ent tasks of incisors, canines, premolars 
and molars. The incisors are also called 


front teeth and the premolars and molars 
lateral (side) teeth. 


¢ teeth are fixed in the 
colar process (see p. 182) 


ith multiple 
Coli are subdivided by inter- 
2. 


aie aibe feeth CDS, 6 do the tearing 
a soe PPing. As the longest teeth they 
pectin against tilting by a long root, 
befldsg ie the Maxillary canines, em- 
ee the canine Pillar of the facial 
tte The “Town has two cutting 
: Onverging at an acute angle (chew- 


POM Thevancs 
and laterally flattened” snes ling 


: 8 Carry out chewing 
; ave a masti ) - 
a catory (oc 
ee Surface and a crown we two 
Ubercles. The root j 


S longitudinally fur- 





rowed at its proximal surface and in ee 
upper premolars often split into a 
tibular and oral root. Where there is 0 
such division there are still 2 root canals. 
The root of the lower premolars is undi- 
vided, see also B. 


The molars CD9, 10 perform the bulk of 
chewing (mastication). They lie in or aa 
the direction of the masticatory muscles, 
Which results in a strong — chee 
pressure, cushioned by the division er 
roots and enlargement of the supporti 
Structures. The masticatory Saag 
surface of a molar has 4 tubercles. ae 
are so arranged that when the teeth zi 
occluded the tubercles of the upper m 2 
ars fit into the grooves between the i 
cles of the lower molars and vice vers: 
The first molar has the largest ofa 
surface. The upper molars have 2 wie - 
lar roots and 1 oral root, the lower mo = 
have one mesial (anterior) and one pa 
(posterior) root. The third molars sie: 
dom teeth) vary considerably in deve 
ment of their crown and root. 


Milk Teeth 


. Ahiteé 
The deciduous (milk) teeth are bluish-wh™ 
and translucent like porcelain. Lied 2 
exception of the first molars they res¢ ie 
the permanent teeth. The divergent ia 
of the roots of th emilk molars is of prac th 
importance, since the permanent (0 
germs develop between their roots. 











— 
B Alveoli of upper and lower ja 
Permanent dentition 
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A Dental arches. Upper jaw: red, 
lower jaw: black 





‘ower dental arches 
t dentition) 





d 
Upper an 
© (permanen 


D 
ight half of per- 
erent dentition 
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Dental Formula 


1817 1615 14 13 12 11 21 22 - 
tibule and those of the lower teeth toward “Nase ahha | 


The dentition is composed of 4 groups of 
teeth in the 2 dental arches, arranged like 
a mirror-image on each side of the me- 
dian plane. They face each Other in the 
masticatory (occlusal) plane. 


With the Passage of time, different 
methods have been used to characterise 


€ach individual tooth. 
if Characterization Of the medial and 


by lines May indicate the 
to which each 


elongs 
Example: ll = left upper ] 
= right lower 3 
2. Another 


method uses + for the mid- 
dle of the Upper jaw and — for the middle 


of the lower jaw, and Puts the sign § f 
Of after the tooth number ; eile 


TIN €ach quarter 
of the jaw to characterize the position, 
Example: +4 — left upper ] 

= right lower 3 


3. Anew method of showing tooth posi- 
ton on paper is to use the first Number to 


€r of the dentition (; 
the remaining jaw n (in 


Example: 2] ~ left upper 1] 
43 = Tight lower 3 


Position of the Teeth Withi 
Dentition bie 


Neutral bite (scissors bite). Normally (; 
orthognathism) the crowns of the ahs 
teeth are Slightly ob 


lique toward the ves. 





the tongue. Thus, the cutting edges of ; 
upper and lower front teeth (inci 
bypass each other like the blades of a ie 
of scissors, so that the edges of the uppe 
incisors lie in front of those of the lowe! 
jaw when the teeth occlude, see C. Inthe 
premolars and molars the outer che 
edge of the upper teeth overhangs that 

the lower teeth, while the inner chewing 
edge of the lower teeth extends bel 
that of the upper teeth, see D. The o 
responding tecth of the upper and low 


tj 
jaw are so displaced on each other, th 


each tooth articulates with two opposing 


é . . I 
teeth, with the principal antagonist (ov 


a large contact area) and with an adjace™ 
secondary antagonist, see B. Only t 
first lower incisor and the third uppe 
molar have a single antagonist. The o 
clusal plane in the final biting positlo 
usually forms a slightly upward facing 
concave curve on each side — sce curve 9 
Spee, see B1. 


Edge to edge bite (forceps bite). Inrare pe 
(racial peculiarity) the cutting edge o an 
upper front teeth is not in front but ett 
top of the edges of the lower leeth; the io: 
resembles that of a forceps. Such an edge- 
edge bite may also be pathological. 


Dysgnathism (anomaly of the position 
teeth and jaw) is due to faulty developm as 
of the chewing apparatus, i. e., all the org@ 
and tissues involved in chewing may mm 
affected by faulty development: tee 3 
Periodontium, maxilla, mandible, joints ‘ 
the jaws, masticatory muscles, mimetic ap ; 
cles, tongue. In prognathism (distal bite) 
UPPer jaw is displaced anteriorly. In pe 
nism (anterior displacement of the pe 
jaw) the chin is unusually prominent A is 
there is a reversed front tooth overbite. . 
Usually an inherited abnormality and ee 
Visible even during the milk dentition. Co ily 
plete antero-occlusion (overbite) is usua 
also an inherited abnormality, in which a 
Upper front teeth completely cover the ola 
Ones in the final bite (recession of the low as 
Jaw, deep bite). If the abnormality of the bi g 
is very marked, swallowing, nasal breathi® 
and speech may be affected. 


B2 Styloid Process, B3 condyle of the ne 
dible, B4 zygomatic bone, B5 maxilla, 
Mandible. 
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Movement of the Dental Arches 
Against Each other (Articulation) 


Articulation is the movement of the den- 
tal arches of the upper and lower jaws 
against one another. [t is important to 
distinguish between full occlusion, side- 
to-side bite and protrusive occlusion. Dur- 


ing occlusion in the resting Position the 
teeth meet (face-to-face) in the occlusal 
(masticatory) plane. If an antagonist is 


missing a tooth can grow beyond the 
place, which contributes to th 


Movements in the Mandibular 
Oint 


Mandibular joint. The 
joints must be considered as 


If the mouth is 
after death) a 


ae ce Totating (hinge) movement 
a ce lp situ,” ¢ € axis j 
displaced, = 
During acti 


(chewing, talki 
(hinge) movement take 


; the cond 
rticular tubercle BD3. 
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Thus the axis of the hinge moves fora | 
Grinding movements of the teeth i“ " 
alternating, predominantly unilateral 4 
tive movements in the mandibular es 
E. Movements of the condyle can be r 
by the finger in the external meatus D6 


Movements of the Tooth Inside 
the Alveolus 


‘ yes 
During the act of chewing the tooth aH I | 
slightly in various ways inside the alveo cn | 
is pressed into the alveolus in its sash ae a ant | 
axis and is tilted against a yeni 5 Actreopeting of me 
: ¢ ui ‘ . re | 
against the oral cavity around a the OA Passive o ening eenieutn 
ci ich lies roughly in the center 0 p 
axis, which ghly | 








fter Tondury) 
| ondury) ie 

root and runs in the direction of the dent | (iN sleep, after death) (after T6 

arch. Thus, the tooth acts as a two-ar Z 
lever and pressure and traction zones 
velop between the tooth and the alve a 
wall. The tissue at the entrance of — | 
veolus may be exposed to very x i a 
Pressure by the lever. In addition re a | 
slight lateral tilting movement, which 184 
creased if the adjacent tooth is aneEDe by 
full row of teeth each tooth is se ag 

its adjacent tooth via contact points. site | 
these contact points if a tooth is a in 
Causes increased mobility of the toot he 
damages the tissue at the entrance a _ 
alveolus. Finally, even under normal c ae 
tions, a minimal rotatory movement | 
develop around the longitudinal axis. 


7 . as 
the greatest resistance against apo 
ticatory pressure. If, because of de its) 
articulation (e.g., due to loss of ts 
unphysiologically strong — horiz Te 
Pressures arise, the periodontium may 
damaged and the dentition is at risk. 


ave 
For anatomical reasons human teeth hé 





Mandibular joint in active 
f mouth. F 
Top: closed, bottom: opene 
Penne . 


— —/) (after Braus) 


lique | 
indi ovement (ob 
: eran et lower against upper 
fae after Strasser) 
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: ing O 
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190 Digestive System 
Milk Teeth (Deciduous Teeth) 


In each quarter of the deciduous denti- 
are 2 incisors, ] Canine and ? 


Development of the Teeth 4 
The deciduous and permanent teeth de- 


velop in two Phases. In the 2nd fetal 


hed dental] lamina grows 
from the epithelium of the listen and 


© dama 


iD. » ©.8., durin 
extraction Of milk : 5 
Tac teeth. 
ah at Cartilage, toney e 
Cum of the Oral Cavity re oe 


Eruption of the 


Teeth 4 





becomes at first rather swollen and dis 


colored bluish-red. Later, the white apel 


of the tooth appears beneath u 
epithelium which it soon perforates an 
the tissue over the crown degenerates. 


Development of the tissues of the bon! 
alveolar wall, the periodontal membrat® 
and of the cement ends largely only afte! 
cruption of the second dentition (¢! 
Eruption of the Teeth 2, p. 192). 


: 


Ast dentition. The order and time of erupti®® 


of the milk teeth are 


Eruption of the teeth Order 
I 6th-8th month 
I] 8th-12th month 
III 15th-20th month 
IV 12th-16th month 
V 20th-40th month 


Mw brwoe 


2nd dentition. The two milk molars ee 
eventually joined by 3 further molars of 


permanent dentition which do not erupt! 
the same time as the other teeth of th* 
group. The incisors, canines and the hes 
molars” are replaced by teeth of the 2" 
dentition, see E, 


° i ar 
Order and time of eruption of the perm’ — 


nent teeth: 


9S 
= 
ay 


Eruption of the teeth 
6th-9th year 
7th-10th year 
9th-14th year 
9th-13th year 
11th-14th year 
6th-8th year 
l0th-14th year 
16th-30th year 


CONDUN RW = 
CAKE A kw 


. } aorably | 
The times of eruption can vary considerab’ | 


During eruption of a permanent tooth ! il 
root of the milk tooth is absorbed, yer 
eventually only the crown of the milk tor 
still remains connected to the gum and it“ 
then easily be removed. 





A Row of milk teeth in upper 


and lower jaw 


YNittij+{1imvv 
YNatT|-ffl oWv 


B Schematic representation 
Of teeth in milk dentition 


Y VOI! 


C Arrangement of the right half 


Of the bite in the milk dentition 
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192 Digestive System 


Development of the Teeth 2 


Formation of the hard substances begins 
with the appearance of dentin at the end 
of the embryo’s fourth month (cf. De- 
velopment of the Teeth 1, p. 190). It is 
induced by the internal enamel 
epithelium, the cells of which have previ- 
Ously transformed into preameloblasts 


under inducement from the Prospective 
odontoblasts. 


Dentin formation begins with the crea- 
tion of argyrophil fibers (Korff fibers) 
between the early odontoblasts, arising 
from the tropocollagen they secrete. 
These fibers are connected to the fibers of 
the dental papilla. 


the now mature, ca 50 um long odonto- 
blasts AF1 secrete 


and gly- 
calcium 
€ deposited via the 








’ 2 —F7 
ameloblasts’ Tomes processes. A-F 
enamel. 


. . € 
When enamel formation is complete, ri 
Tomes processes disappear. The ame 


| 


blasts become inferior absorbent “a | 
which remove the remnants of the — 


enamel matrix. In the fully differentiate 
tooth, they appear as border cells DE8: 


The root of the tooth and the cementu™ 
arise later than the crown of the tooth, 
and their formation continues even “A 
the period of the eruption of the tees 
Th: ‘oot dentin develops, like the dene 
oft: : crown, in an epithelial “cast”: ae 
form:‘ion of the crown, the enveloping 
border from the internal to the exter 
enamel epithelium begins to grow weit 
wards as Hertwig’s sheath BCF9, formi é 
conical tubes corresponding to the MG 
propriate number of roots. New om 
toblasts are deposited on these from Wi 
in, lengthening the dentin. The enam 
epithelia then die off here. 


Eruption of the Teeth 2 


Eruption of the teeth is preceded by a 
degeneration of the enamel organ, | ; 
remnants of which are incorporated ee 
the formation of the border epithel 
DES8. The extension of the root leans 
the eruption of the tooth. The tissue ly! é 
Over the crown (enamel epithelium, ah 
nective tissue, epithelia of the guage 
B—F10) partly die away during this P . 
cess. The cementum DEF 11 and aver 
wall F 12, including the root surface. i 
gether called the parodontium, mos! 
arise after the tooth has erupted. 


Up to about the sixth intrauterine mon 
the anlage of the secondary tooth F13 ih 
together with that of the deciduous eit 
as a tooth bud within a common alveolv! A 
An alveolus for the secondary tooth at 
arises which is separate from that belony 
ing to the milk tooth. Later (as in F). vat 
Osseous wall separating them is dism™ 
tled by osteoclasts, beginning the proc 
of resorption of the root of the ae 
tooth. F15 gingiva, F16 mandible 
mandibular canal. Finally, the ame 


‘fy: 
blasts produce an enamel surface fil 
the dental cuticle. 


’ 










A Formation of dentin and enamel 
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194 Digestive System 


Tongue 


The tongue (lingua), is instrumental in 
chewing and sucking and carries sense 
Organs for taste and touch, as well as 
being involved in speech production. Its 
major regions are the root, dorsum 
(back) and the apex (tip). 


Muscles of the Tongue 


forma 3-dimensional network in its body, 


muscles. 


cles of the tongue. The 
Senloglossus AB Z, 


mit movements of 
tongue (see Vo]. 1), 


yrohyoideus, 


lesser horn Of the hyoid bone, Ag 


geniohyoid, AB9 myloh 


deviates toward the paralyzed side. 


One close to the back of the tongue and 
other close to the floor of the mouth. The 
‘ransversus linguae consists of a well de 
veloped system of diagonal fibers. be? 
radiate partly into the septum B13, partl) 
into the dorsal aponeurosis B14 and ot 
the lateral margin of the tongue. A few 
fibers also cross the septum completely. 
The verticalis muscle consists of fiber 
bundles running in the free part of the 
tongue from the upper to the lower ee 
face of the tongue. B15 Sublingual gland. 
B16 Section through the body of the 
hyoid bone. 


The main task of the intrinsic muscles is 10 
change the shape of the body of the me 
Usually one of the 3 muscles acts as antag ; 
nist to the other 2, contraction of the pel 
enforcing relaxation of the antagonist: ae 
if the transversus and the verticalis copie 2 
the longitudinalis relaxes and the rom 
€comes slim and long; if the longitudina i 
and transversus contract the verticalis — 
¢s and the tongue becomes short and on 
and, if the longitudinalis and verticalis ee 
tract the transverse fibers relax and L 
tongue is shortened, flattened re ( 
broadened. If, in acase of paralysis of hal - 
the tongue (hypoglossal paresis), the pig 
is protruded, then the transverse and en 
Cal muscles of the healthy side push 4 
ipsilateral longitudinalis muscle hdaeen 
Since the longitudinalis muscle of the ge 
tralateral, paralyzed side cannot be yt 
truded similarly and does not offer an) 
resistance, the healthy side is turned cowie 
the diseased side, the apex of the tongu 
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196 Digestive System 


Mucous Membrane of the Tongue 


Inferior surface of the tongue. The mu- 
cous membrane on the inferior surface of 
the tongue is only loosely connected to 
the body. In the center it forms the 
frenulum of the tongue Al, a narrow 
ribbon, which runs toward the gum of the 
lower jaw. The well developed apical 
veins of the tongue A2 on both sides of the 
frenulum have a bluish appearance and 
shine through the transparent mucosa. 
More laterally is a fringed fold, the plica 
fimbriata A3, a rudiment of a sublingua 
Which exists in some animals. The sublin- 
gual gland lies in the floor of the oral 
cavity beside the tongue. It is hidden 
beneath a narrow longitudinal fold, the 
sublingual fold A4 (see p. 200). The 
opening of the submaxillary duct of the 
large sublingual gland (and usually also of 
the submandibular gland, see p. 200) is in 
the caruncula lingualis A5 at the anterior 
‘end of this fold. The mucosa has a 
Stratified squamous, non-keratinized 
epithelium. 


Dorsum (back) of the tongue. The mu- 
cosa of the dorsum is immovably fixed to 
the tough aponeurosis of the tongue, the 
connective tissue layer of the mucosa 
being interlocked with the epithelium by 
means of tall papillae. Strands of the 
intrinsic muscle fibers of the tongue radi- 
ate like bristles into the mucosa, particu- 
larly into the fibrous tissue which forms 
the center of each papillae. These muscle 
fibers actively deform the aponeurosis 
linguae. A shallow medial groove divides 
the dorsum of the tongue into left and 
right halves: the V-shaped terminal sulcus 
B6 separates the dorsum B7 from the 


root of the tongue B8. At the apex of the 
V, directed 


Filiform papillae. The filif i 

called papiie Conleas ie teenies 
across the dorsum of t 

Small elevations of Tes itheliney 
toward the 


eratinized, The have become 


lac are not so 





strongly developed in man as in many ani- 
mals in which they give the tongue a rough 
surface. In humans they are mostly sensitive 
to touch. The connective tissue core con- 
tains numerous sensory nerve endings. 


Fungiform papillae. The reddish fungiform 
papillae are 0.5—1.5 mm high and are main- 
ly distributed around the margin and at the 
apex of the tongue. They are more numer 
Ous in the newborn than in adults. In the 
infant they carry a greater number of tasie 
buds; gustatory glands (taste glands) are 
absent. 


Vallate papillae are 6—12 wart-shaped gus 
tatory papillae B10 which project only 4 
little above the surface of the tongue. The) 
are 1—3 mm in diameter and are arranged in 
the form of a V in front of the root of the 
tongue and of the terminal sulcus. 
papilla is surrounded by a trench (vallum 
C11 which is lined by an epithelium contait 
ing 3—5 rows of taste buds C12, see Vol. & 
Serous gustatory glands C13 (v. Ebner) leat 
into the bottom of the trench. Their secre 
tion washes away flavors. 


Foliate papillae. These are transvers¢ 
mucosal folds B14 at the posterior later 
margin of the tongue. They contain taste 
buds in the epithelium and serous gustate? 
glands, which open into the depth of t 
mucosal folds. 


The 4 qualities of taste — sour, salty, bittet 
and sweet — are detected at different sites os 
the tongue. There are, however, no rere 
nizable differences either by light or elec 
microscopy between the corresponding tas! 
buds. 


The root of the tongue shows the rugge4 
surface of the lingual follicles (see Lingt4 
Tonsil, p. 104). Numerous small mucous 
glands are found in the connective tissU® 
and between the muscle fibers. Three 
mucosal folds stretch from the root of the 
tongue to the surface of the epiglottis, th® 
median glossoepiglottic fold and, on ea¢ 

side of it, a lateral glossoepiglottic fol@- 
These three folds form the boundaries ‘i 
two depressions, the valleculae epigl?! 
ticae. 
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198 Digestive System 


Palate 


The anterior % of the roof of the oral 
Cavity is formed by the hard palate, the 
posterior % by the soft palate. 


The hard palate (palatum durum) js 
formed by the palatine process of the 
maxilla and by the horizontal plates of the 
palatine bones, see Vol. 1. The bone is 


The soft Palate (palatum y 
called vel 


tion (sphincter action). Th 
glands extend to the soft 


they lie on a tough 4poneurosis. The 
velum palatinum Plays an important Part 
In deglutition (see p. 206 > When com- 
bined with a bulging of the posterior wall 


of the Pharynx, jt shuts off the food 
Passage from the UPPer airway, 


© mucosa and 
Palate, where 





The tensor veli palatini ABS originates as¢ 
thin triangular plate (lamina) from the er 
of the skull between the spine of gi 
sphenoid bone and the root of the pteryey 
process and from the membranous par 
the auditory tube. The muscle descends ‘ | 
ends in a tendon which turns around va 
pterygoid hamulus AB6 and radiates hot | 
zontally into the palatine aponeurosis; * 
clevates and stretches the velum palatinut 
up to the horizontal plane during deglutit 
B7. In this way it opens the entrance into "d 
auditory tube as the muscle pulls al of 
origin. Thus, it is responsible for passage” 
air into the middle ear on swallowing. 





The levator veli palatini AB8 also atis 


from the base of the skull, but dorsal a 
medial to the tensor muscle (the region a 
the mouth of the carotid canal), and Ha 
the lower margin of the cartilage of 
auditory tube A9 (“levator bulge”). ely 
rounded belly of the muscle runs obliqu : 
downward and forward toward the midlin f 
It has a broad insertion into the palat 
aponeurosis. The muscle pulls the vel 

palatinum upward and backward B 10. 


The paired uvulae muscle A11 arises fro™ 


the hard palate (posterior nasal spine) ee 
the palatine aponcurosis. It extends ben 
the levator and radiates into the uvula wh! 
is shortened by its contraction. 


The palatoglossus muscle B12 arises at v 7 
palatine aponeurosis, lies in the anier 
palatine arch, and at the lateral border mee 
tongue it radiates mainly into the transve he 
muscle of the tongue. Together with “al 
latter the palatoglossus closes the isthmus 4 
the fauces B13. The palatopharynge, 
AB 14 is stronger than the former mus 
and lies in the posterior palatine arch. ic 
counts as one of the levator muscles of ! 
pharynx B15, 


“a 
A.16 Salpingopharyngeus, A17 pharyng 
tonsil, A18 inferior nasal concha, B19 ¢ 
trance into the larynx, B20 esophagus. 
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Salivary Glands 


Saliva. During chewing food is mixed with 
saliva in the mouth. The saliva acts as a 
lubricant, it contains an enzyme (an amyl- 
ase) for the conversion of starch and js 
bactericidal. The secretion of saliva is due to 
a reflex action Prompted by stimulation of 
chemoreceptors in the mouth, by mastica- 
tory movements and by psychological stimu- 
lation. The daily production of saliva can be 
up to 1.5 liters. The serous glands, or the 
S€rous parts of the salivary glands, secrete an 
electrolyte and protein-rich saliva for dilut- 
ing, while the mucous glands secrete a 
tough, stringy, mucoid Saliva, which con- 


tains few electrolytes or Protein and has alu- 
bricating function. 


Small Salivary glands. There are numerous 
small salivary glands with short ducts in the 


Large Salivary Glands 


The parotid gland A3 
Salivary glands, lies in 
the ramus of the mand 
ter Ad and has 4 pr 


» the largest of the 
front of the ear on 
ible and the masse- 


nd extends only a 
€ lower jaw 


ng, emerges 
the parotid 


Covered by the 
tinues into the 
Nd the medial 


Which con 
Masseter, a 


pterygoid, 





The submandibular gland A7 (the i 
vary gland of the lower jaw) lies in Et 
niche between the mandible and the _ 
bellies of the digastric. It extends rig 
down to the mylohoid A8, the hyogioss 
A9 and the styloglossus. The a 
long submandibular duct A10, — 
panied by a hook-shaped process 0 ie 
gland, passes around the posterior ane 
of the mylohoid A8 to its upper surk i 
From there it runs forward medially Fi 
the sublingual gland A111, po beet 
combined with the main duct of the a 
ter, and opens on the sublingual cgrnte 
la AB12, see p. 196. The gland bg 
veloped by its fascial capsule and is bat: 
covered by a superficial layer of the ce 
cal fascia and the platysma. 


The sublingual gland A 11 is 3—4 cm ar 
It lies on the mylohoid A8 and —_ : 
sublingual fold B13. The gland aly (6 
laterally to the mandible and media ai 
the genioglossus. It consists of sage lint 
small mucous glands, the minor su “il 
gual glands A14, and of the ‘anit ; 
nantly mucous-secreting main glan : me 
major sublingual gland All. Tran P ne 
of the viscid mucus is facilitated by 
shortness of the numerous ducts. ene. 
the minor glands open along the su ity’ 
gual fold B13 directly into the oral cav 5 
Others open into the main ae 
duct. The main sublingual duct, W ad 
comes from the major sublingual gla 7 
runs with the submandibular duct 2 
orifice, the sublingual caruncula ABI: 


he 
The gland at the apex of the tongue; ! 


re 
apical lingual gland B15, an almost Phe 
ly mucous gland, lies on both sides 2 


apex of the tonguc. 
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Fine Structure of the Salivary 
Glands 


The salivary glands are exocrine glands, 
secreting — in contrast to the endocrine 
glands (see p. 146) — through an excretory 
duct. The cells of the glands are exocrine 
(eccrine) in type (see p. 150). The berry- 
shaped acini are enveloped and their con- 
tents squeezed by the contractile myoepithe- 
lial cells. The ergastoplasm of the cells of the 
glands is involved in formation of the serous, 
protein-containing 
required for its formation of the secretion 


are eventually excreted D4, see p. 150. It is 
mainly the Golgi apparatus that is involved 
- Different cel] 


tive tissue to 
form the lobules of the glands AR. 
Serous acini. The Part of the gland that 
Produces the Secretion is berry-shaped 


and is called an acinus BEFGS5. The cells 
of the glands C6 are tall and cylj 


— the 
€ gland cells are low, 


Secretory granules. Th 
glands are only faint 
Majority of Staining te 


System of excret 
secretory ducts j 


© mucous areas of 
ly stained by the 
chniques. 


Ory ducts, A System of 
S attached to the secre- 





tory portion of the gland. If fully “a 
veloped, which is not the case In < 
glands, the system is divided into a 
intercalated (connecting) duct B8, a "3 
retion tube BEF9 and an excretory duc 
B10, 11. The intercalated ducts male 
flattened epithelium and therefore ; 
smallest diameter. They are of ghee 
length, and may be solitary or brane : 
In mixed glands the intercalated ducts F 
are often full of mucus, i. e., they al 
transformed into mucus-producing 
tubules CFG7. Myoepithelial cells lie “ 
the intercalated duct (and the acinus pre 
ceding it); they prevent secretions aa 
becoming blocked. The following caw 
section (secretory tubule) still lies ig 
the lobule. Secretory tubules have ’ 
larger diameter than the other intralobu 
lar sections of the excretory duct system, 
and their simple cuboidal epithelium may 
show basal striation (hence the eset: 
tive name of “striated section”), which 7] 
caused by folding of the basal cell mem 
brane and by mitochondria. These te 
pearances suggest that there is a conside : 
able amount of fluid passing through thi 
section. The excretory ducts run in the 
connective tissue between the lobules. 
They are characterized by a a 
polygonal columnar epithelium in one 
two layers and a wide lumen. 


Plasma cells in glandular connective LIS 
sue secrete an antibody (immunoglobulin 
A) that is released with the saliva si 
enables it to participate in the immun 

defense system. 


The parotid gland E is an entirely serous 
gland E5 with intercalated ducts an ‘ 
secretory tubules E9. The submandio’ 
lar gland F is a mixed, predominantly 
scrous gland FS, with intercalated ducts; 
some of which are transformed int0 
mucus-producing tubules F7, and it als° 
Possesses secretory tubules F9, The Se 
TOUS acini sit like half moons (GiannuzzZ! 
or Ebner half moons) compare G6 on the 
mucus-containing tubules. The sublin- 
Sual gland G is a mixed, predominantly 
mucous gland G7. Intercalated ducts an 

secretory tubules are almost entirely ab- 
sent. The anterior lingual gland is clas 


sified as an almost pure mucous gland. 
E12 Fat cell. 
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204 Digestive System 
Pharynx (Throat) 


The pharynx is a tube, about 12cm long, 
at the base of the skull A 1 and connected 
to the facial skull, which merges into the 
esophagus (gullet) AB2 at the level of the 
cricoid cartilage. The posterior wall of 
the pharynx is flat and lies in the frontal 
plane without any gaps. The nasal 
cavities B3 open into the pharynx in front 
and above, the oral cavity B4 opens into 
the lower end of the pharynx. There are 
three general areas: the nasal, oral and 
laryngeal Parts of the Pharynx 
(nasopharynx, oropharynx, laryn- 
gopharynx), 


Nasal pharynx. The Pharyngeal tonsil B6 lies 


in the roof of the pharynx, Bilaterally, at the 
level of the lower Nasal concha. j 


Sa small groove, the 
pala- 
O the 


the level of the velum 
the palatine tonsils B13 


aryngeal phary . . 
Side the larynx js a eal pharynx along 


The pharyngeal w 
cous membrane, t] 


membrane (pI 


by which the harynx is att 
a mee YyNX Is attached to the base 


The mucous membran 
loosely Connected with 


covered by 
the oral and 








cosa of the anterior and posterior wall of 
pharynx is separated from the gone 
the larynx and the cervical spinal agers 
a venous plexus (upper narrowing 0 
esophagus). 


The tunica muscularis consists of striated 
muscles, the elevators and the constrictors 0 
the throat. The 3 constrictores pharynge 
ascend posteriorly and are inserted a 
tough fibrous band, the pharyngeal rap Le 
which is attached to the pharyngeal pani 
Al at the base of the skull, The musc 2 
Overlap in such a manner that the lower pee 
of the superior and middle constrictor nie 
cles are always covered on the outside he 
upper margin of the following muscle. ik 
gins: The superior pharyngeal meh ie 
AC 18: from the pterygoid process C19 oa 
the pterygomandibular raphe C20. The “hd 
dial pharyngeal constrictor AC21: f eg j 
greater and lesser horns AC22 of the hy ‘a 
bone. The inferior pharyngeal constnie” 

AC23: from the outer surface of the elie 
and the cricoid cartilage. The constrici”™ 
muscles can narrow the pharyngeal ane 

and elevate the larynx and the hyoid bone. 


The levatores pharyngis are poorly me 
veloped. The palatopharyngeus B24 in ‘tie 
posterior palatal arch originates OF se 
pterygoid process and the aponcurosis 0 < 
palate and runs downward into the aery 
wall of the pharynx where the fibers pa m 
cross those of the opposite side. ae m0 
lopharyngeus AC25, which originates ° a 
the styloid process, passes between ‘es 
Superior and middle constrictor re 
along their internal surface. It is Lean 
partly at the submucosa and partly at us 
cricoid cartilage. The salpingopharynge’ a 
26 runs from the end of the cartilage of t 
auditory tube to the wall of the pharynx. 


Adventitial connective tissue. The muse 
tube of the pharynx is covered by a me 
fascia. It may be moved against the verte 
column because of a connective tissuc at 
the retropharyngeal space. This extends mn 
erally into the parapharyngeal space. mone 
spaces are continuous with the medié 
tinum. 


AB27 Digastric muscle, A28 parotit 
gland, A29 submandibular gland, A ce 
border between the pharynx and esophé 
gus, AB31 thyroid gland, C32 stylohy0! 

muscle, C33 cricothyroid muscle. 





Pharynx (Throat) 
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206 Digestive System 


Deglutition (Swallowing) 


The airway (arrow in A) and the food pas- 
sage (arrow in B) cross each other in the oral 
Pharynx (mesopharynx). In the newborn, 
the larynx lies high up in the pharynx and the 
epiglottis extends above the root of the 
tongue. Food bypasses the epiglottis lateral- 
ly, through the piriform recess, and enters 
the esophagus without endangering the air- 
Way. In this way a baby can drink and 
breathe at the same time. Later in life the 
larynx descends and the pharynx ascends. 
The entrance into the larynx (arrow in A) 
therefore gets in the Way of thefood passage 
(arrow in B and C). The act of swallowing 
(deglutition) prevents entrance of food into 
the airway, and at the same time the airway 
iS momentarily closed by a reflex and inhala- 
tion of food is prevented. The act of swal- 
lowing is actually a coordinated sequence of 
mMOvements with one voluntary and two sub- 
sequent involuntary phases. 


Voluntary inception of swallowing. The 


muscles of the floor of the mouth contract 


and the tongue, together with the bolus 
(of food), is p 


late ABI. S 
due to stimu 


ceptors in the mucosa of the palate. 


y by reflex action. 
he velum palatinum is elevated B1 and 


Palatini muscles (see p. 204), and is 
Posterior wall of the 


larynx, While the e 
approaches the epiglottis AB 5: 


ntrance to the larynx 
The epi- 





Thus, the lower airways are completely 
separated from the food passage C. 


Transport of the bolus through ihe 
pharynx and esophagus (arrow in B). by 
slit of the pharynx unfolds upward an 

forward when the larynx ascends. Thea 
the tongue is pulled like a piston by the 
styloglossus and hyoglossus muscles (see 
p. 194) and pushes the bolus over the 
fauces into the pharynx. The bolus slides 
through the piriform recesses primarily 
(see p. 204) and partly also over ai 
epiglottis. Shortening of the pharyngeé 
wall by its lower constrictor and contrac” 
tion of the constrictors above the ses. 
can push the latter through the dilate 

esophagus right down to the cardia. The 
bolus can also be propelled into the 
stomach by continuous waves of contrac” 
tion of circular muscle (peristalsis), eve" 
against gravity, if the subject adopts 4" 
appropriate posture. 


Liquids flowina groovelike flattening sac 
tongue towards the pharynx. In the oa 
posture rapid contraction of the floor of # 
mouth propels them into the cardia assist” 
by the contraction of the tongue. Innery" 
tion: The swallowing reflex remains Least 
even during sleep. The afferent and efferen 
nerve fibers run in several cranial ne 
(see Vol. 3), which secures the reflex under 
most circumstances. Coordination of affer 
ent and efferent stimuli takes place in aoe 
“deglutition center” in the medulla oblong 
ta of the brain. 





Deglutition (after Braus-Elze 
and Benninghoff-Goettler) 


Pharynx (Throat) 





207 











208 Digestive System 


Esophagus 


The esophagus (gu/ler) conveys the bolus 
of food to the stomach. In the adult it 
measures about 25—30cm. The distance 
from the incisors to the transition of the 


esophagus into the cardia in the adult is 
about 40 cm. 


The esophagus has 3 narrow places 
ABI-III. The uppermost, the sphincter 
ABI, lies at the level of the cricoid carti- 
lage A1. Its function is to close the en- 
trance to the esophagus and it is the 
narrowest part with a width of only 
14mm. During deglutition the constric- 
tion is relaxed for 0.5—15. A thin-walled 
place in the posterior surface of the open- 
ing into the esophagus may become 
pushed out — a so-called Pressure diver- 
ticulum or pharyngoesophageal diver- 
ticulum. The middle narrowing, the aor- 
tic narrowing AB II, is due to the esopha- 
gus being crossed by the aortic arch. The 
esophagus descends behind the bifurca- 
tion of the trachea A2. Scar formation 
due to inflammation of the hilar lymph 
glands may pull the esophageal wall to- 
wards the hilum—a traction diverticulum. 
The lower constriction of the esophagus, 
the diaphragmatic narrowing ABIL, lies 
in the esophageal hiatus of the dia- 
phragm. It is connected with the compli- 
cated closure mechanism of the lowest 


2—5Scm of the esophagus, which relaxes 
during deglutition. 


The layers of the esophageal wall resem- 


ble those of the remainder of the intesti- 
nal tract, see p. 220. 


The mucosa has a Stratified, non- 
keratinized, squamous epithelium C3. 
The small numbers of mucous glands, the 
esophageal glands, increase along the 
course of the esophagus. They are situ- 
ated in the submucosa. The strong muscle 
tracts of the mucous membrane C4 run 
spirally. These muscles pleat the mucosa 
in the undilated esophagus into longitudi- 
nal folds (“reserve folds”). The submu- 
cosa C5 adapts to these changes. 


The upper third 


of the tunica muscularis 
C6 consists of st 


riated but autonomically 





innervated muscles, which are grade 
replaced by smooth muscles in the mi of 
and lower thirds of the esophagus. in 
muscle bundles are attached partly to i 
dorsal surface of the cricoid cartilage an 
are partly continuous with the infer 
constrictor muscle of the pharynx. 


The esophagus, like the trachea, sun 
longitudinal tension, and this i 
stabilize it and to facilitate the seem 
food during deglutition. The seein : 
assists closure of the lower portion ‘ 1 
esophagus. The latter is twisted en 
longitudinal axis at the level of ome ‘et 
into the cardia, and the longtacioy a 
sion produces “stretch closure’ Saale 
closure). The latter assists the “func ae 
sphincter of the cardia”, i.e., the Lame 
ter effect of the intra-abdominal pre Ki, 
on the abdominal part of the esopnin 
The stretch effect is sustained by a ee 
nective tissue membrane which we 
pended between the esophagus and *" 
opening (hiatus) of the Sepatgen 
is also the site where hernias (rup : 
paraesophageal hernias) into ‘i ee 
cavity can form in disease. A “ mn? i 
venous pad also contributes to c A repre’ 
the esophagus. Since these vessels th 
sent a portocaval link (between the p ‘hey 
vein and the superior vena cave), nay 
can become swollen, varicose, oat? (see 
bleed if the portal vein is obstructe 

p. 250). 


+470 
The connective tissue of the engi 
C7 contains smooth muscle ee “alll 
may run in bundles to the le sti? 
bronchus and into the left medi 
pleura. 


ures: 
hes! 
us 


Esophagus 


‘ 
\ | i} A Esophagus and neighboring organ 











in radiographs 


B Appearance of esophagus 
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ss section through esophagu 
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Esophagus and the Posterior 
Mediastinum 


The esophagus begins as a continuation 
of the lower end of the pharynx at the 
level both of the 6th cervical vertebra and 
of the cricoid cartilage; this is the upper 
constriction sphincter of the esophagus. It 
ends at the transition into the cardia of 
the stomach, just below the diaphragm at 
the level of the 10th—12th thoracic ver- 


tebra. The esophagus can be divided into 
three sections. 


The uppermost section of the esophagus 
is the short cervical Portion (pars cer- 
vicalis) 1. It lies behind the trachea, to 
which it is bound by connective tissue, 
and in front of the spinal column to the 
left of the mid-plane, in the connective 
tissue space between the middle and deep 
cervical fascia. The thyroid gland 2 ex- 
tends on both sides to the lateral borders 
of the esophagus. The recurrent laryn- 
8eal nerves 3 ascend to the larynx in the 


esophagus and the 


the brachiocephalic trunk. The inferior 
Situated lateral to the 


hich it gives off some 
S the thyroid gland 2. 


After entering the upper thoracic open- 
ing, the thoraci 


esophagus) it is accompanied by wi 
ventrally 9 and dorsally 10, the pi 
trunks, which as a continuation of rf 
pharyngeal plexus, form the esopings 
plexus and give rise to the vagal a he 
The glossopharyngeal nerve supp a 
superior and medial constrictor mus a 
of the pharynx. During inspiration 
esophagus moves up to 7cm away E 
the lower thoracic spine. The esophag Ff 
remains mobile longitudinally aps 
is fixed at the esophageal hiatus 0 cat 
diaphragm by a circular elastic af 
brane. The thoracic portion © the 
esophagus exposed to traction by 
lungs. 


The abdominal portion (pars ko 
dominalis) 11, 1-3 cm long, merges atk 
the cardia of the stomach 12. The ne 
dominal pressure effectively acts i A 
“functional cardiac sphincter” on the 
dominal portion of the esophagus. 


: ‘or, 
13 Pharyngobasilar fascia, 14 superior: f 


middle, 16 inferior constrictor muscles 
the pharynx, 17 left common poe 
tery, 18 left subclavian artery, 19 sp lio! 
20 pancreas, 21 superior cervical pane on 
of the sympathetic system, 22 acce “igh! 
nerve, 23 internal jugular vein, 24 0” 
common carotid artery, 25 ne 
cleidomastoid muscle, 26 right subcla 


artery, 27 right lung. 


ort 
Age changes. The esophagus of the pa {i 
is relatively longer than that of the a ica! 
begins at the level of the 3rd or 4th en tow 
vertebra, i. e., with the pharynx in pate 
position. The distance of the cardia Frc! 
incisors changes during growth 
Bischoff): 


‘48US MOves away from the eee cm: 
Spine and continues downward in a shal- “" a 16.3 
Ow arch toward the right, behind the left 2 years 22.5 
atrium of the heart (see radiograph, p 9 years 32.9 
- Over a short Stretch it approaches 12 years 34.2 

the right medi 


and in the adult = 40 ¢™ 
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212 Digestive System 


Stomach 


The fragments of food (boli) are chemically 
broken down in the stomach (ventriculus, 
gaster) by the gastric juice to produce 
chyme. The gastric juice contains protein- 
digesting enzymes (pepsinogen), hydro- 
chloric acid and mucus or mucin. The chyme 


is discharged from the stomach intermit- 
tently. 


The cardiac portion A1 of the stomach is 
the continuation of the Orifice of the 
esophagus A2. The cupola of the fundus 
A3 of the stomach arises on the left of the 
cardia. The cardiac notch A4 (forming 
the plica cardiaca, inside the stomach) 
lies between the fundus and the esopha- 
gus. The main part of the stomach is its 
body, corpus 8astricus pyloricum A5, 
Which is continuous with the fundus. It 
merges into the pyloric part A6 which is 
dilated to form the antrum pyloricum and 
then ends as the pylorus A7, the opening 
of the stomach into the duodenum. The 
Stomach has an anterior and a posterior 
Surface. The upper (medial or inner) 
border, the lesser curvature A& is in- 


pyloric region). The lower (outer) border 
of the stomach, 


A10, has its most 
Just opposite the angular notch. The basic 


Organs. The ca 
about 1200-1600 ml. 


The mucosa shows a few 
folds along the | 


where larger piec 
for a while. 


Peritoneum 


A serous membrane covering the 


peritoneum (see P. 22), enables the or- 
ty to move 


gans in the peritoneal cavj 





freely against each other. There is se 
about SO0ml of fluid in the periton 
cavity, which serves as a lubricant. 


Peritoneum. It consists of a visceral laye! 
C13 which covers the viscera, a of 
parietal layer C14 that lines the we 
the peritoneal cavity, visceral and pari 
peritoneum. 


The two layers are continuous and ae 
the peritoneal sac which contains a ae 
lary space. The connections between Re 
visceral and parietal layers of nd 
peritoneum, where organs are en 
completely enveloped by the penn bf 
(intraperitoneal position), are forme a 
thin peritoneal reduplications, i. €-, as 
sue laminae which carry vessels and ne 

to those particular organs. 


5 
These reduplications to the stomach ei : 
are called ligaments. From the a 
curvature, the gastrocolic ligament TU . 
to the transverse colon, while its we: 
ation on the left, the gastrosplenic 18 d 
ment C16 passes to the spleen C17; af 
its continuation to the wall of the es 
called the phrenicosplenic ligament 
From the lesser curvature to the ~e 
extends the hepatogastric ligament : 
Which continues downward as 
hepatoduodenal ligament, see p. 238. 


; jum 
Fine structure. The peritoneal epithe! 
(mesothelium because of its origin ver int 
embryonic mesoderm) consists of flat, ovil- 
ple, cuboidal cells with a border of ty: 
li, a sign of considerable absorptive acill tly 3 
The subserous connective tissue is par ess 
loose, mobile layer, as in the mesente the 
and partly a firm connection between 
serosa and the adjacent organs, as 1 ly 
Parietal peritoneum above the ieee , 
the parietal peritoneum has a sensory 1 ndia 
vation. Fluids, small particles, such as : 
ink particles (during experiments) an 
xins from pathogens reach the lymph ¢ “the 
nels of the subserous connective tissue a F 
in a few minutes. The peritoneum ia 
violently in inflammations and exu 


a 
pProtein-rich fluid, so that adhesions ™ 
result. 


{0 
hat 


- val 
C21 Inferior vena cava, C22 abdom!? 
aorta, C23 pancreas, C24 kidney, fica” 
omental bursa, a loose peritoneal redup!i* 


; € 
tion which permits the stomach some ff 
dom of movement. 
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A Parts of stomach 
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214 Digestive System 


Muscle Layer of the Stomach 


layer of longitudinal A2, 3, fibers. The 
stomach has in addition, a 3rd innermost 
layer formed by oblique fibers B4, that 
extend from the cardiac notch to the 
boundary B5 between the body and the 
pyloric region. The latter, as well as the 
lesser curvature, does not contain any 
oblique fibers. The strong circular muscle 
layer of the pyloric region, which consists 
of two circular loops connected above by 


tracts, forms 


tly along the 
the cardia to 
lesser curva- 


Contrast, the sub 
the submucosal plexus (Mei 
us) which innery 
mucosae and the 
Nervous system”, see Vol. 3 


Movements and 
As the Stomach fills la 


the mucosa — 
mach. If the 





stomach is filled, peristaltic waves wn 
about every 3 minutes and take abou Fe 
seconds to move from the oe ihe 
pylorus. The stomach is emptied un nee it 
influence of pressure conditions nee 
and the duodenum. Gastric motility is call 
the control of tissue hormones from ee 
with basal granules (see p. 216) in the © OA 
and duodenal glands. In general the Prats ’ 
is slightly open and it becomes aoa 
closed only when a peristaltic wave f 

the pyloric canal. 


The lumen of the empty stomach 
Shaped like a narrow tube. The a oan 
bubble” CDE, swallowed air which . 
be demonstrated radiologically, wl 
the slightly expanded fundus under 
diaphragm. 


jgura 
Three main types of stomach config 
tion occur: 


n° 
The J-shaped stomach C is the conn 
est. The two curvatures are almost nes 
allel and run first downward a - 
upward and to the right. The at os 
usually found when patients ar 
amined in the erect position. 


ea Id 
The elongated stomach D is atonic _ 
also J-shaped. It is more comm ate 
females than males. The angular om 3 
forms an acute angle and extends dov - 
the level of the 4th lumbar vertebré 
even lower. a 
The transverse type E (steer horn) so * 
angular notch. The greater curva ‘ail 
directed ventrally and has a high ae ‘ 
reaching the level of the 2nd Moftel 
vertebra. The transverse form the 
arises if the abdominal wall is tense, "ink 
recumbent position, or if the abdon 
organs need more space. 


i 
The mucosal folds F can be DrOUE as 
relief radiologically by filling the oe iy 
with small quantities of radiopaque "he ects 
They appear coarsened in gastritis. Icer of 
of the mucosa, e.g., in cee films: 
tumors, can also be detected in ey 29 
CDE8 Duodenal bulb (see p. 218), 
pyloric region (pars pylorica). 


nto 
ch 
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A Longitudinal and circular 
Muscle fibers 


mach 
Radiologic appearances of sto 






E Transverse (steer horn) 
stomach 





C J-shaped stomach 





- ed 
D Atonic, elongated J shap 


stomach 
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G Stomach movements 
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216 Digestive System 


Gastric Mucosa 


The mucous membrane of the stomach Al 
(tunica mucosa) produces the protcin-split- 
ting €nzyme pepsinogen, which is activated 
by the hydrochloric acid (HCI) of the 
stomach at a pH of 1.5—2 into Pepsin. By its 
actions the connective tissue Structures of 
food are destroyed and fat and muscle fibers 
are freed for further digestion in the small 
Intestine. Other physiologically active sub- 
stances originate in the mucosa of the 
stomach. In part, they regulate the secretory 


The surface of the mucous membrane 
shows gross mucosal folds, numerous 


cularis mucosae AS, 


The glands in the fundus an 
the stomach are elongated 


: © parietal 
it upon the tubuli and 
_+hey are large 
Ongly acidophile , shove 
y are in membranes and 


crovilli arise during this process. Using UP 
large amounts of energy, parietal ce 
release H* ions (and also Cl ions) apical- 
ly to produce gastric acids. At the same 
time, they also release bicarbonate ions 
basally. The laterobasal plasmalemm@ 
Carries receptors for histamine, gastfa 
and acetylcholine, which stimulate if 
release process. In addition, parietal ce 
produce the “intrinsic factor” for resorp” 
tion of vitamin B,> into the ileum. a 
diac glands: These glands, which are o. 
ated in the 1cm wide cardiac region, a 
the same shape as the fundal cells, rs 
they contain only mucus-producing c¢ a 
They help to form an alkaline bart ; 
zone between the stomach and a 
esophagus. Pyloric glands: The shee a 
C9 of the pyloric region are deeper t 
those of the rest of the stomach. fur 
glands C10 are very convoluted, lie “4 
ther apart than in the mucosa of the {U 
dus, and most of their cells produce me 
C11. Cells with “basal granules” © ‘ 
endocrine cells, can be demonstrated A 
special staining techniques (compare 
146). Lymph follicles are common in 
connective tissue of the mucosa. Hi; 
body and antrum have a different P 
with the help of color indicators I wy 
possible to demonstrate their surgi 
important boundary and to recogniz 
through a gastroscope. 


- incl 
Secretion of gastric juice. Two gee: 
phases in gastric secretion can be “ oe 
mined. Nervous secretion depending oF is 
pulses transmitted by the vagus nerve: 
Stimulated by sensory impressions, a 
taste, smell and sight. This phase can ° ‘tel 
even if the stomach is empty, but ceases a” 
the vagus nerve has been cut. Gastric (alg by 
tive) phase secretion, which is stimulater og 
the ingestion of food, starts as soon as 


a 
enters the stomach. It is triggered off bY * 


' z . 5 @) 
endocrine stimulus. The endocrine ce! . 


a 
the mucous membrane of the stomach, ™"*; 


ing up about 1.2% of all epithelia, consis is 
up to 30% of histamine-forming ECL The 
and 22% somatostatinergic D cells. eit 
serotonin-forming EC cells and gas\' 
forming G cells make up a smaller prOP 
tion of the total volume. ace 
The muscularis mucosa A5 may influe. A 
the circulation in the mucosa by obstruc ad 
of the blood vessels. The larger bloo 


lymph vessels and the nerves of the ae 6A 
(submucous plexus) run in the subm pe 


A13. Ald Tunica muscularis of 
stomach. 
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Layers of stomach wall 





D Fundal gland 


DI C Mucous membrane of 


pyloric region 





218 Digestive System 


Small Intestine 


Digestion and absorption of food takes place 
in the small intestine (gut). Digestion is the 
enzymatic breakdown of nutrients into ab- 
sorbable components, i. e., of carbohy- 


drates into monosaccharides, of proteins 
into amino acids 


the enzymes responsible is the pancreas. To 
be digested fat must first be emulsified by 
bile. The chyme is carried along through the 
intestine by mixing and transporting move- 
ments of the intestinal wall. The intestinal 


» Which are not clearly 
delimited from one another. The 


duodenum lies secondarily almost entire- 
ly in the retroperitoneal Space on the 
Posterior abdominal] wall. In contrast the 
jejunum and ileum form 


Duodenum 


The duodenum is C-shaped and winds 


the pancreas. [t lies 


Part B6, which climbs across t 


to the duodenojejunal flexure BC7 at the 
level of the Ist— 


levels of the pl 
bent position d 
ginning of the superior 
the duodenal bulb, 

traperitoneally (hepat 


Part is dilated — 
It still lies jp- 
Oduodenal liga- 





























ment, see p. 238). The bile duct a i 
pancreatic duct, open into the midd ‘a 
the duodenum. At the transition from Fi 
duodenum into the jejunum is ‘if 
duodenojejunal flexure ABC7, wher e 

small intestine turns into the gaae 
cavity. At this site niches may be Pe al 
in the peritoneum: the superior D a 
inferior duodenal recess D9, ia a 
troduodenal D10 and paraduodena j 
cess D11 into which the intestinal 1ooP 
may stray in disease and form inter 
herniae. 


Jejunum and Ileum 


The upper % of the ipiraperitonee Fic 
tion of the small intestine are cm: a 
jejunum A 2, and its lower % the ao 
A3. They merge into each other wi a 
any definite border. If the age 
cavity is opened the convoluted we ane 
intestine, which is movable at the me fe 
tery, can be pushed aside, compare A 


e 
The mesentery is fixed at its root, 
radix mesenterii C12, to the poste of 
abdominal wall along a line which aa 
tends from the duodenojejunal nes 
obliquely downward and to the ee r 
far as the opening of the small inte a 
into the colon. The radix eager: 
15~18cm long, but the total length = 
mesenteric attachment to the small in f 
tine may exceed 4m. With shortenine i 
the intestine by contraction the a 
tery becomes correspondingly folded. 


m 
Sections of the large intestine: cect” 
AC13 with the vermiform process an 
pendix) AC 14, the ascending A 15, 7 sig" 
verse AC16, descending C17 an low 
moid colon C18, the rectum C19. at 
the upturned sigmoid is the intersig 


dal recess E20. 





B Position of small and large 
intestine (colon) 
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C Small intestine dejan tr 
turned toward the 3 n vial 
and descending colo 














D Superior and inferior 
duodenal recesses 2 
= intersigmoidal rece 


ble 





220 Digestive System 


LayersoftheWalloftheSmall Intestine 


The wall of the small intestine, like that of the rest of the intestinal tract (compare 
esophagus p. 208 and stomach, p. 214), consists of the following layers: 
Lamina epithelias A.1 (epithelial mucosal layer) 
Tunica mucosa + Lamina propria A 2 (connective tissue mucosal layer) 
Muscularis mucosae A(C-F)3 (muscular epithelial layer) 


Tela submucosa A(C-F) 4 (connective tissue mobile layer) 


Tunica muscularis 


Stratum circulare A(C-F)5 
Stratum longitudinale A(A-F)6 


Tunica serosa A'7 with tela subserosa (peritoneum) 
Or: tunica adventitia (in retro- and extraperitoncal position; connective tissue layer 


In the intraperitoneal position, the 
mesentery AB8 carries the blood vessel 
and nerve supply for the intestine. 


Mucosa of the Small Intestine 


The considerable enlargement of the 
epithelial surface through mucosal folds 
(plicae), villi, and the microvilli seen in 
the electron microscope, facilitates diges- 
tion and absorption. The plicae and villi 
decrease in numbers and size in the lower 
parts of the small intestine. 


The circular Kerckring folds (plicae circu- 
lares) B9 project in a semicircle about 
1cm into the lumen of the gut. They are 
formed by folding of the mucosa and 
submucosa and do not completely disap- 
pear if the intestine is stretched. They 
enlarge the surface of the intestine by 
about onethird. The villi of the small 
intestine CDE10 are 0.5—1.2mm high 
and about 0.1 mm in diameter. They are 
leaflike or finger-shaped processes of the 
epithelium and the lamina propria of 
the mucosa. The muscularis mucosae 
ACDEF3 does not take part in the for- 
mation of the villi. There may be as many 
as 40 villi per mm’, which gives a velvety 
appearance to the mucosa and increases 
its surface area 5S—6 times. In between the 
villi lie the 0.2—0.4 mm deep crypts of 
Lieberkithn, intestinal glands CDF11, 


which reach as far down as the muscularis 
mucosae. 


The 3 regions of the small intestine are 
characterized by the following 
peculiarities: the duodenum C _ has 





numerous high folds which start 3-3 
distal to the pylorus. It has high, oft¢ 
leaf-shaped villi C10 and its crypts se 
are shallow. Only the duodenum con 
Brunner’s glands, C12, which ee 
branching, clustered groups of giant 5 
the submucosa. The jejunum ney 
numerous high folds and villi D10. T : 
diminish in number and height towels 
the ileum, while the crypts DU ee 
deeper. Thousands of isolated lymph ~ 
licles are distributed over the entire wie. 
tine. While the folds and villi E10 gt B 
ally disappear in the eum E, the ae 
phoid tissue increases. It is concentra at: 
on the side opposite the mesenteric od 
tachment, mostly as 20 to 30 clue ia 
each of about 20 lymph follicles a 
these aggregated lymphoid follicles 
known as Peyer’s patches. 


see aS 
The colon F, in contrast, has no villi 
crypts F11 are deep and lymph folie 
F13 are present, particularly in the ‘ 
pendix (see p. 104). 


A Cross-secti 
Intestinal w 


on through B: layers of 
all (schematic) 


D Jejunum 


E lleum =———--- 





B Upper part of small intestine 


(jejunum), partly cut away. 


















Survey of layers of wall in various 
parts of small intestine 
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Fine Structure of the Villi and Crypts 


The villi Al and crypts A2 appear round 
or Oval in transverse section B. In trans- 
verse sections the villi are covered by 
epithelium and the crypts have an epithe- 
lial lining (compare C, D). 


The epithelium of the mucous membrane 
is one layer thick and consists of tall 
polygonal cells. We distinguish secretory 
and absorptive epithelial cells. 


Various types of secretory epithelial cells 
can be distinguished: mucus producing 
goblet cells CD3 which are quite common 
in the crypts as well as the villi: the mucus 
lubricates the contents of the intestine 
and thereby protects the mucosa; granu- 
lar Paneth cells D4, which appear in small 
groups in the fundi of the crypts: they 
contain apical, acidophilic granules 
which contain lysozyme, an enzyme that 
dissolves bacterial walls; “basally granu- 
lated cells” D5 are hormoneproducing 
cells (gastrointestinal endocrine cells, see 
p- 172) which may be observed im- 
munohistochemically and produce pep- 
tide hormones and/or monoamines which 


control the motility and secretion of the 
digestive system. 


The absorptive epithelia CD6 cover 
mainly the villi. They have a brush bor- 
der, due to a layer of microvilli (brush 
border cells) which are concerned with 
their absorptive capacity, 


The intestinal epithelial cells are only 
short-lived and are sensitive to injury, 
They regenerate from the epithelium of 
the crypts where cells undergo mitosis 
D7, and the daughter cells so produced 
are constantly shifted towards the summit 
of the villus from where old epithelial 
cells are shed into the intestinal contents. 
The migration of a cell from the crypt to 
the summit of a villus takes about 36h. 
Every 2—4 days, the whole intestinal 
tract epithelium is replaced. It can be 
assumed that the enzymes of the shed 
epithelia play an active part in digestion. 


The connective tissue of the mucosa is 
mainly reticular connective tissue con- 


taining lymphocytes and other cells of the 
immunologic system, as well as arterioles 
C8, capillaries C9, venules C10: 
lymphatics C11 and terminal branches ° 
the submucous venous plexus. 


Muscle fibers from the muscular 
mucosae radiate into the connective U 
sue of the villi and extend into the bas 
ment membrane of the epithelium. When 
the muscle fibers contract, which they © 
every 10-15 seconds, the villi become 
shortened, their surface is folded 4" 
venous blood and lymph are squec?., 
into the vessels of the submucosa; 
lous pump.” As soon as the vessels are 
refilled the villi become erect once mor 


° I- 
The submucosa A 13 carries the ste 
cous nerve plexus as well as widemes 3 
. 1PS° 
networks of major blood and lymph ' 
sels. 


Muscle Layer of the Small 
Intestine 


The inner circular muscle layer Al4 a 
more strongly developed than the oul’ 
layer of longitudinal muscle A 15. The 
layers act as antagonists so that contrat 
tion of the longitudinal muscle shorte? 
and dilates the relevant portion of 
gut, and contraction of the circular ae 
cle narrows and elongates that part oft 
intestine. Between the two muscle lay") 
lies the myenteric plexus (of Auerbac 
consisting of nerve fibers and nerve c¢!* 
A16 Peritoneal covering. 


- 


Movements of the smalll intestine. The 
contents of the intestine are mixed 2”" 
moved by both pendulum and segment@ 
tion movements. Transportation [4 Wy 
place by peristaltic waves, i. e., order 
shifting zones of contraction. Peristall 
waves are rolling movements which P* 

quickly over large sections of the sma 
intestine. 





C Cross-section through villus, 
Section from A 
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Blood and Lymph Vessels of the Villi 


In the connective tissue of the villi a 
network of capillaries lies below the 
epithelium. It is supplied by one or more 
arteries which run undivided to the sum- 
mit of the villus. A central vein returns 
the blood to the portal system; and there 
are arteriovenous shunts at the summit of 
the villus. The bulk of the material ab- 
sorbed by the epithelium, namely amino 
acids, sugar, free fatty acids and glycerol, 
is carried in the blood via the portal vein 
into the liver. The endothelium B1 of the 
blood capillaries is fenestrated. Inside the 
vascular coat is a lymph vessel (yellow), 
the “central lacteal”, which contains chyle 
— the lymph drained from the intestine. 
Fatty acids are resynthesized in the mu- 
cosa into triglycerides and are carried 
with the lymph stream via the thoracic 
duct into the blood. During the process of 
emulsification of fats in the intestine, 
whole droplets smaller than 0.5m are 
formed, which can also penetrate 


through the epithelium into the lympha- 
tics. 


Fine Structure of the Absorptive 
Epithelia 


In the absorptive epithelium the border 
cells have a striated border 1.2—1.5 um 
long, consisting of very densely packed 
microvilli B2 (about 3000 of them on a 
single cell, about 200 million per mm? 
surface). They enlarge the surface area of 
the epithelium 30 times and thereby help 
to create a total surface area of the small 
intestine of some 100 m?. The microvilli 
are covered in a layer of glycoprotein (the 
glycocalyx), which forms highly 
branched, densely arranged filaments 
and contains digestive enzymes, so that 
the active surface area is increased and 
becomes a “resorption agent”. The gly- 
cocalyx mainly contains disaccharidases 
(which break up disaccharides into re- 
sorbable monosaccharides) and _ pepti- 
dases (which break up peptides into 
amino acids). The fatty acids and 
monoglycerides that arise in the small 
intestine during the breakdown of nutri- 





tional fats are taken up into the agranular 
endoplasmic reticulum, resynthesized 
into triglycerides (producing droplets of 
fat), transformed into chylomicrons (gly- 
colipoproteins, with a covering of hy 
drophilic protein from the granular end 
plasmic reticulum) in the Golgi 4P 
paratus, secreted as droplets through the 
lateral plasmalemma, and _ transporte 

beyond the basal lamina in the lymph 
vessels. The absorption of materal from 
the intestine takes place mainly by activé 
transport against the concentration gt* 
dient. Specific types of facilitated diffu’ 
sion also play a part. Absorption by me" 
brane vesiculation B3 (pinocytosis) ©" 
be demonstrated with the electron mic!” 
scope. Small vesicles of plasmalemm® 
containing material are detached fro™ 
the plasma membrane of the cell. In the 
reverse process (crinocytosis) matet® 
(here chylomicrons) is extruded into th¢ 
intercellular space after the membrane” 
the vesicle has fused with the plasmale™ 
ma B4 on the inner side of the cell. 
intercellular space is completely shut ° 

from the lumen of the gut by specializ¢ 

cell contacts: zonulae adherentes B6 4" 
occludentes B5. Eventually material tha" 
has been absorbed penetrates the bas¢ 
ment membrane B7 and enters a bl0° 

capillary, or (when fat is being digest“ 
producing chylomicrous) a lymph caP*” 
lary. B8 Golgi apparatus, B9 mitocho" 
drium. 


Fine Structure of the Mucus- 
Producing Epithelia 


The part of a goblet cell pointing toward 
the lumen of the intestine is filled wil" 
mucus particles C10, which are SU! ; 
rounded by a membrane from the Go!® 
apparatus (compare B8). With increa>” 
ing intracellular pressure the cell me™ 
brane bursts and the mucus enters ! ; 
intestine. The cytoplasm and the nucle¥ 

C11 are displaced toward the base of t? 

cell. The cytoplasm surrounds the muc¥ 
particles like a goblet. 
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A Blood vessels and lymphatics 
Of villus (after Spanner) 
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226 Digestive System 


Large Intestine 


Digestion and absorption are completed in 
the small intestine and the large intestine 
(colon) contains the indigestible residues of 
the foodstuffs which are being decomposed 
by bacteria (fermentation and putrefaction). 
The main task of the colon is the Vital 
reabsorption of water and electrolytes which 


have entered the intestines with the diges- 
tive juices, 


The large intestine is 1.5—1.8m long. It 
begins with the ileocecal (colic) valve (see 
p. 228). The appendix (vermiform appen- 
dix; see p. 230) A2 hangs from the cecum 
Al as a dilated intestinal pouch. The 
cecum is followed by the colon, which 
frames the convolutions of the small in- 
testine. The ascending colon A3 runs 
close to the anterior abdominal wall on 
the right side under the liver; at the right 
is the colic flexure B4. As the transverse 
colon AS it runs in an arch along the 
anterior abdominal wall to the left upper 
corner of the abdominal cavity. At the left 
colic flexure B6, at the level of the lower 
pole of the spleen, it turns at right angles 
into the descending colon A7 which, 
covered by the convolutions of the small 
intestine, passes downward 


teriorly along the left lateral a 
wall. The 


the phren 


floor of the splenic niche. The bend of the 
colon at the left flexure re 


a and enters 
the lesser pelvis in an S-shaped loop. The 


rectum A9 starts in front of the 2nd-3rd 


he anus. A10 
Duodenojejunal flexure, A11 root of the 


B The full co 


lon effectively “floats” on 
the abdomina 


| viscera and its Position is 


higher than when empty. 


Features of the 
nal longitudinal muscle 





teriorly and medially at the transverse 
colon belove the origin of the great omen: 
tum A17. The colon is sacculated ee 
tra) and has folds which protrude _ . 
lumen, the semilunar folds D 18. i. py 
are small projecting appendages © he 
from the subserosa of the colon, 
appendices epiploicae D19. 


Peritoneum. The ascending and descentts 
colon lie behind the peritoneum, i. ¢., sit 
in front are they covered by periton ie 
D20. Their posterior wall is fixed Oa 
posterior wall of the trunk. The gene pe 
be fixed to the posterior wall of the gee 
it may be mobile by means of a an 
mesocolon. The vermiform appenee 
the transverse and sigmoid colon lie hice 
the peritoneum and have a anever y 
sigmoid mesocolon, The rectum 1s In! bu 
covered anteriorly by the peritoneum, 
later lies outside the peritoneum. 


Mucosa. There are no villi in the pe 
intestine. The crypts C21 are very af 
(about 0.5mm) and lie very ee 
gether. The epithelium of the crypts ait 
sists almost entirely, and that of the is 
face for the most part, of Sati a dad 
which produce lubricating mucus. é 
Smaiiloe epithelia have a ciliated borat’ 
of microvilli, an expression of their ie : 
water-absorptive function. There ar ae 
itary lymphoid nodules. C22 Submuc sie 
C23 internal circular muscles, C24 te 
C25 subserosa. 


d 
Water reabsorption. The water ae 
sodium ions released by the small yaa 
tine undergo continuous reabsorp™ 
The sodium that is actively transpOr ne 
through the lateral cell membrane atl 
intestinal epithelia into the gee 
Spaces produces a gradient that comet 
water (and chloride ions) out of the! oe 
tinal lumen through the epithelium < i" 
into the capillaries. The absorpHen 
water and electrolytes is continued oY ae 
superficial epithelial cells in the "the 
intestine (11 of liquid per day cg ae 
large intestine from the small intest! 
but less than 100 ml is excreted). 


Movements of the large intestine. The 0 
tinal contents are moved along in the Ctr 
as they thicken by slow peristalsis and 4 7 
peristalsis. By means of a few trans? ie 
movements, the intestinal contents ‘ 
moved into the distal part of the colon. 


alr 
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228 Digestive System 


The cecum, appendix and rectum will be 
described in greater detail because of their 
medical importance. 


Cecum and the Ileocecal Valve 
(Colic Valve) 


The cecum, the pouchlike, widest part of 
the large intestine, is 6—8 cm long. It lies 
on the right upper part of the ilium (right 


iliac fossa) near the anterior abdominal 
wall. 


fleocecal (colic) valve BC1. The distal] 
part of the ileum AB2 protrudes as a 
round or oval papilliform projection (the 
colic or ileocecal valve) into the cecum. | t 
Pushes aside and forces apart the circular 
muscle layer of the cecum which, in turn, 
surrounds the lower end of the ileum like 
a muscular clamp. The ileum, together 
with its mucosa, forms an upper and a 
lower lip, which end iN a posterior and an 
anterior frenulum in which the circular 
muscle fibers of the cecum are again 
united. The ileocecal valve lies in front of 
i d (tenia mesocolica), 


of which are inserted 
Partly in the muscular valve of the circu- 


lar muscle fibers of the cecum and Which 
can open the end of the ileum. Some of 
them radiate into the longitudinal muscle 
layer of the lower ileum. Their contrac- 


ilating the end of the ileum 
which forms an ampulla immed 


sphincter, 


Shortening of th 
layer of the invaginate 


ly filled, a mech 


anical valvular mecha- 
tO Operation to prevent 
S of the valve become 


reflux, as the lip 





tightly pressed against each other. Con- 
traction of the arched circular muscle 
fibers produces elevation and shortening 
of the cecum and so helps to empty the 
funnel-shaped outlet BC3 of the ape 
dix A4. The red line in B marks the line 0 
the section in C. 


Peritoneum. While the ileum lies " 
traperitoneally the cecum is often fuse 
with the posterior abdominal wall: fixe 
cecum (cecum fixum). However, quilé 
often there is a “mesocecum” which pe 
mits the cecum to become mobile, cect” 
mobile. 


The vermiform appendix A4_ has i 
mesoappendix A5 and this can accoum 
at least in part, for the considerable — 
bility of its position (see p. 230). at 
and below the opening of the ileum "tie 
the cecum there is a peritoneal fold “a 
ileocecal fold directed toward the appe i 
dix, behind which there are two periton 
al pockets, the superior A6 and gables 
A7 ileocecal recesses. Frequently on t E, 
right side behind the cecum or the oe 
cending colon there is a further periton 

al space, the retrocecal recess A8- | 

cecum already contains semilunar fo 

B9. A10 Mesentery, A 11 tenia libera- 


Fine structure of the vermiform appendix 
p. 230. 
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A Ostium of small intestine (ileum) 
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i large intestine ( Hii 
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B Anterior wall of A resected: view 
Of ileocecal valve 
(Ostium of ileum) 
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230 Digestive System | 
Vermiform Appendix C). The differences in these description | 
The appendix A1, part of the large intes reflect the variability of the Jeomierst, ~ | 
Se fs / , the cecum and are of no great clini “Sy | 
Spaetia aaa aa Hak aig e significance. In the descending type the ‘ | 


sometimes in childhood, but only rarely 
in an adult. As a rule the appendix in an 
adult has a narrow exit on the medial wall 
of the cecum, but it is still possible for 
some of the contents of the intestine to 
pass into the appendix. The mouth of the 
appendix may be surrounded by a small, 
semilunar fold of mucosa. The appendix 











tip of the appendix is projected roughly 
towards the border between the right and 
the middle third of a line connecting the 
two anterior superior iliac spines (Lanz 
point C9), 


Fine structure. The mucous membrane ‘ 
the appendix, like that of the rest of i 
large intestine, has crypts and no vill. 


| 


ar m= Sees y typ 
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is about 8cm (2—20cm) long and But the appendix in man does not serve ‘(ia A} 
0.5—1cm thick. The 3 tenia of the colon, either for digestion or absorption of food: \ | 4 

the eng libera A2, omentalis A3 and it is part of the immunologic system ei Wy. ' F 
mesocolica A4 run across the cecum to . 105). It is sometimes called the “to WY SS 

meet in a star-shape at the origin of the of ie The mucosa is full © Sc . 
appendix. They form a closed longitudi- lymph follicles (aggregated follicles D19) A Cecum and appendix seen 
nal muscle layer in its wall. A surgeoncan which also penetrate into the submucos* from below 


locate the appendix by following the 
course of the tenia. The mesoappendix 
AS, a continuation of the mesentery of 
the small intestine, carries the appendicu- 


lar artery and vein A6 to the appendix 
behind the end of the ileum A7. 


The position of the appendix in relation 
to the pelvis, the intestine and the 
peritoneum varies so greatly that it is 
hardly possible to indicate its “normal” 
position. In about 65% of cases the ap- 
pendix is turned up behind the cecum, the 
retrocecal position; in 31% it hangs across 
the linea terminalis into the lesser pelvis 
the descending type; in more than 2% it 
lies horizontally behind the cecum, the 
paracolic position; and in 1% in front of 


and in less than 1% behind the end of the 
ileum. 


Projection of the appendix on the ab- 
dominal wall. It is important for the 
diagnosis of appendicitis to know the 
position of the appendix in relation to the 
abdominal wall (pain on pressure and 
muscular tension of the abdominal] wall). 
In the normal position of the cecum the 
origin of the appendix is projected on the 
center of a line between the right anterior 
Superior iliac spine and the umbilicus 
(McBurney’s point C8). McBurney’s 
POint is very often referred to as the point 
at the lateral third of this line (red line in 



















As an organ of the defense mechanis™ 
against infection, the appendix song 
times reacts in a violent and hyperact! 

manner with a danger of suppuration a” 
of perforation of its wall into the abdom" 
nal cavity. In about 25% of the popu!” 
tion the lumen is partly and 8% complet” 
ly obliterated. Narrowing of the lumen! 
due to hypertrophy of the lymph follicle* 
Cell debris and residues of the intesti" 

contents are common in the lumen of ! d 
appendix. D11 Mesoappendix, D12 ¢* 
ternal longitudinal muscle layer, D 13!" 
ternal circular muscle layer. 





C Projections of appendix on 
@bdominal wall 





B Variations 
appendix ( 





in position of 
after Wakeley) 
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Rectum 


The rectum is 15—20cm long and is S- 
shaped. It follows at first the convexity of 
the sacral bone, the sacral flexure, and 
then turns backward at the level of the 
coccyx and passes through the floor of the 
pelvis, the perineal flexure. Finally, it 
becomes the anal canal and ends at the 
anus. It also has a projection to the left 
formed by the Kohlrausch fold. The sa- 
cral flexure lies behind the peritoneum 
and is covered anteriorly by the perito- 
neum, see rectouterine and rectovesicular 
excavations (pouches) (p. 314). The 
perineal flexure runs extraperitoneally. 
Haustra (sacculations) and_ teniae 
(bands) are absent from the rectum, and 
the longitudinal muscle layer is continu- 
ous. In the upper third of the rectum is a 
portion of considerable extensibility, the 
rectal ampulla. If it is filled the feeling of 
the need to defectate occurs. Below the 
ampulla three constant transverse folds 
project like wings into the lumen of the 
intestine: 2 smaller ones on the left and 
between them a larger one on the right, 
Kohlrausch’s fold AB1, at a distance of 
5—8cm from the anus. Through contrac- 
tion of the circular muscle fibers C2 the 
folds approximate to each other; and on 
contraction of the longitudinal muscle 
fibers C3 they move apart from one 
another (“rectoanal pylorus”). 


B On the right: the transverse folds and 
the anus as seen through a rectoscope. 


Anal canal. In its lower two-thirds it is 
lined by a thin, lightly keratinized skin 
containing sensory innervation, which 
merges into the external skin. The latter 
reaches into the end of the anal canal. It 
has a cornifying, pigmented epidermis, 
hairs with sebaceous glands and sweat 
glands. The mucosa of the colon reaches 
the upper third of the anal canal. In this 
zone 6—10 roll-shaped longitudinal folds, 
the anal columns B4 arch into the lumen. 
They are thrown up by knots of vessels 
and are covered by several layers of non- 
keratinized squamous epithelium. At 
their lower ends the anal columns are 
joined together by transverse folds. The 





grooves between the longitudinal folds 
end in shallow pockets B5 at their an 
ends. They are covered with a single layel 
of columnar epithelium. The region ° 
the anal column, which is about 1cm 
long, is called the hemorrhoidal zone. 
Branches of the superior rectal artery 
descend in the anal columns. They !¢ 
beneath the mucosa and form the bases9 
internal hemorrhoids (piles). The arteries 
are connected by nodular arteriovenous 
anastomoses B6 with the anorectal vo 
nous plexus. The columns form a caver™ 
ous body which contributes to closure ° 
the anus. 


Closure of the anus. The anal canal is active” 
ly closed by smooth muscle fibers (the cO” 
tinuation of the circular muscle layer of t 
intestine), the internal sphincter muscle ° 
the anus AB7 and by striated muscle fibers 
the external sphincter muscle of the wie 
AB8. The internal sphincter of the anus 
about 2cm high, and its hard lower edge se 
be palpated in the patient. The longitudin : 
muscle layer of the intestine radiates pal"? 
into the internal sphincter muscle and part!) 
into the perianal skin which it draws int0 t ‘ 
anus. Above the external and the inter” 
sphincter muscles lies the puborectal me ; 
A9. This is the most important muscle oft 
sphincter, it closes the anus and forms par 
of the levator ani muscles (see p. 308): 
pulls the perineal flexure forward in a 
(closure). If the muscle relaxes the he 
moves backward (opening). Damage t® : ct 
puborectal muscle has a more serious effe f 
on rectal incontinence than a lesion of any, ; 
the other sphincter muscles. Part of | 
pubococcygeal muscle also takes part 10 an 
closure. The muscles are under permane 
tension except during the act of defecat! 
A10 Anococcygeal ligament. 


anu 


Defecation. Defecation is preceded ” 
transport of feces into the rectum. ae 

creasing tension of the rectal wall acts *” 
stimulus to defecation. The involunt? ” 
sphincter muscles are relaxed by reflex *”, 
tion and the other intestinal muscles ©?” 
tract. The external sphincter and the lev?" 
ani muscles are relaxed voluntarily *_ 
pressure is applied by the abdominal ™™ 
cles. 


Me of function of muscle 
Of rectum (after Wongphaet) 
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Liver 


The liver and the pancreas are the large 
intestinal glands. The liver acts as an exo- 
crine gland in respect of production of bile. 
The bile acids emulsify fat in the intestine. 
The bile pigments are end Products of the 
hemoglobin catabolism. Bile accumulates in 
the gall bladder and is discharged into the 
duodenum as needed. The most important 
action of the liver is its role as the largest 
organ involved in carbohydrate, protein and 
fat metabolism. These functions. consume 
about 12% of the total Oxygen content of the 
blood. The temperature of the blood in the 
liver veins reaches about 40°C. Compres- 
sion or contusions can produce dangerous 
tears in the soft hepatic tissue. The liver is 


held together by a tense connective tissue 
capsule — Glisson’s capsule, 


Liver. The lower edge of the liver runs 
laterally along the costal arch. From the 
point where the medioclavicular line 
crosses the line of the 8th rib the liver 
margin runs obliquely through the upper 


surface D which, 
has a horizontal 
anterolateral surfa 


, but Posteriorly jt js 
joined to the ten 


diaphragm (the areg nuda or bare area 
BCD1), 


Diaphragmatic surface D., The reflect 
folds between the visceral and parietal 
peritoneum of the liver and the parietal 
peritoneum form band-like Structures on 
the diaphragm. The hepatic falciform Ij- 
gament BCD2 divides the anterior sur- 
face of the liver superficially into right 
BCD3 and left BCD4 lobes of the liver, 
It is attached to the inner surface of the 
abdominal wall and its lower margin 
takes up the ligamentum teres hepatis and 
extends toward the umbilicus. The fal- 
ciform ligament forms the (riangular liga- 





ments on the superior surface of the liver 
beneath the diaphragm. This peritoneal 
reflection which connects the liver and 
the diaphragm, delimits the bare ared, 
Which is not covered by peritoneum. 
There, the liver is in direct contact with 
the diaphragm. The /eft triangular liga- 
ment D5 runs in a connective tissue cord, 
the fibrous appendix BCD6. The right 
triangular ligament forms a blunt angle 
whose posterior fold forms the hepato- 
renal ligament D7. The falciform liga 
ment (of the liver), triangular ligaments, 
and hepatorenal ligament together form 
the coronary ligament. The inferior ih 
cava CD8 runs to the diaphragm behin 
the peritoneum within the bare area. 


Visceral surface. The porta hepatis, pe 
entrance into the liver C9, 10, 11-13: 
forms a cross-connection between ee 
Sagittal grooves which together a 
shaped like an H. The left sagittal groo¥ 
accommodates the remnants of fetal ves 
sels; anteriorly the ligamentum ee 
hepatis in BC2, a remnant of the umbi i 
cal vein, posteriorly the venous gone 
of the liver, a remnant of the venous duc 
The right sagittal groove contains the er 
bladder BC 14 anteriorly, and posterior! , 
the inferior vena cava CD8. The quae 
lobe C15 bulges out in front of the oan 
hepatis, the caudate lobe CD16 behind 
The lower surface of the left hepatic oa 
BCD 4 bears the imprint of the ae 
that of the right lobe BCD3 of ¢ 
Superior duodenal flexure, kidney, @ 
renal gland and of the right colic flexur® 
The hepatoduodenal ligament opens oat 
the porta hepatis like a tent and a 
space for the vessels passing through t 
porta to divide into two main branche” 
(margin of the areas supplied: red line! 


B). 


C9 Cystic duct, C10 hepatic duct, i 
Choledochal duct, C12 proper hepatic ‘af 
tery, C13 portal vein, D17 right triangu!é 
ligament. 


Segmental structure. The liver is divide? 
into variable segments which follow the di 9° 
sions of the portal vein. Most of the ae 
ments reach the liver surface (broken na 
B and C). The roots of the hepatic veins f 


within the segmental borders. 
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A Position of liver in trunk 
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Fine Structure of the Liver 


The parenchyma and blood vessels form 
small liver units, which may be regarded 
as liver lobules (central vein lobules) or 
portal vein lobules depending upon 
which vessel is considered to be the cen- 
ter of the unit. 


A delicate, sponge-like connective tissue web 
extends from the tough capsule into the 
liver. In it pass blood vessels and the 
epithelia of the liver run in its interstices. 
The millimeter-sized polygonal liver lobules 
A1 are visible on the surface. The section 
shows blood-containing points 2—3mm 
apart: A2 the central veins of the lobules. 
Several lobules make up a lobe A. The 
central veins A2 lead into intermediate veins 
A3 which ultimately drain via sublobular 
and collecting veins into the hepatic veins. 


The central venous hepatic lobule A 1 is 


lie, which preferentially accumulate ¢X- 
ogenous vitamin A. The vessel wall con- 
sists of endothelium EF 8 with gaps (about 
100mm) which is virtually devoid of 2 
basal lamina. The surface of the hepatic 
epithelium E11 contains microvilli F 11. 
These come into direct contact with 
material which enters from the bloo 
EF9 through the capillary gaps into D1s- 
se’s space EF10. There are also the stel- 
late Kupffer cells E12 within the em 
dothelium. They are phagocytic, protect 
ing the liver cells among other things, 4? 
are probably involved in the breakdow? 
of hemoglobin. The exchange of mate 
rials involved in metabolic processes 
takes place on the blood vessel side of the 
liver cell. The substances involved in the 
production of bile, however, pass right 
through the cells. 





A Part of collecting lobule 
(after Pfuhl) 


6 . 
B Section through the liver seen 
through a magnifying glass 
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pear-shaped with a polygonal surface. Its | The portal vein hepatic lobule (triangle "a 
diameter is 1-1.5mm and its length B and C) is grouped around a Ghee 
about 2mm. Blood vessels, branches of _ triad, i. e., with respect to a bile duc 
the portal vein A4, and of the hepatic around the excretory passage of am 
artery AS, as well as interlobular veins “acinus” of the “liver gland”. The three 
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and arteries, reach the thicker end of the 
lobule to supply the surrounding vascular 
network. From there branches enter the 


branches of the portal vein from Glisson ; 
triad form the axis of an acinus of the oa 
C. Many observations based on live 


lobule to carry blood from the portal vein pathology regard the liver acinus as th¢ 
(vasa publica) into the sinusoidal capil- __ liver unit. 
laries. The periphery of a lobule has a 


fe 5d 
ie j i" 


Portal vein hepatic 
. lobule (red) and acinus 


(dotted) 


os 
> gin 


oe 


The bile canaliculi (capillaries) EF13 4° 





better O, supply than its center. The 
central vein B2 emerges from the base. 


Section. The triangular periportal areas 
of connective tissue BD6 between the 
lobules each contain 3 vessels: branches 
of the hepatic artery A5, hepatica propria 
and of the portal vein A4 and a bile duct 
A7 (Glisson’s triad). Isolated veins 
ABD3 are intermediate, sublobular or 
collecting veins. In the center is the cen- 
tral vein (intralobular vein) ABD2. The 
epithelia form cribrose laminae, 1—2 cells 
thick, which radiate from the center of 
the lobule into the periphery. Between 


tubelike spaces without walls of their sa 
between the hepatic epithelial cells. BI 
flows from the center toward the periphe! 
of the lobule in the interlobar bile ducts a 
which have an epithelial lining. F14 Ce 
nucleus, F15 Golgi apparatus. 


Spatial course of functions in the central 
venous hepatic lobule: In the external zo" 
the metabolism is highly active, and less S° a 
the internal zone. After a meal, glycoee. 
quickly increases in the external zone, an 
later stored in the internal zone. Sugat Ma 
released first from the internal zone, the" 
from the external zone. Anoxic fat forme 
tion (a disturbance resulting from O, de 


Od 


D Section through hepatic lobule 


; ciency) affects the internal zone (reduced “? 
pay ae the 350-500 um long sinusoidal men Animals show srread rhythi 
apittaries. more clearly. Similar spatial differences #” 
Between the vessel wall EF8 of the  Jso seen in the three zones of the hepa! 
sinusoid capillaries EF9 and the surface @“!”“S (important in pathology). 

| of the liver cell is a space, Disse’s space 
| EF 10, in which fat storage cells (Ito cells) 





| F Electron micrograph of hepatic 
. “Does Cells and capillaries, section from C Elector capillaries 
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The vessels and nerves which enter the 
porta hepatis run in the hepatoduodenal 
ligament. The hepatic artery Al gives off 
branches to the gall bladder A2. Bile 
(hepatic) duct A3 and in the depths the 
portal vein A4. A5 Arrow in the epiploic 
foramen, A6common hepatic artery, A7 
celiae artery, A8 left gastric artery, A9 
splenic artery, A10 superior mesenteric 


vein, All inferior mesenteric vein, A12 
splenic vein. 


Bile Ducts and Gall Bladder 


The bile reaches the duodenum via the 
large bile ducts. The nearby gall bladder 
collects and concentrates the bile. 


The large bile duct has the diameter of a 
pencil. Proximal to the origin of the cystic 
duct to the gall bladder it is called the 
common hepatic duct and distal to it the 
choledochal duct. In the porta hepatis, 
the left and right hepatic ducts form the 
common hepatic duct A3 which is 4—6 cm 
long. The cystic duct A13 from the gall 
bladder which is 3-—4cm long, opens into 
it at an acute angle. The choledochal duct 
Al4 is 6-8 cm long. It passes behind the 
bulb of the duodenum to the posterior, 
scending duodenum 
ses, it penetrates the 
open into the major 
duodenal papilla AB16 with the pancre- 

- nN Over 50% of cases, the 


mmon hepatopancreatic 
ampulla AB1T7. Radiological studies 
have shown that it is more common for 
the ducts to Open separately. Before its 
entry into the ampulla, each duct has a 
sphincter muscle B18, 19. The ampulla 
may itself be closed by its own sphincter 
muscle, the musculus sphincter ampullae 
hepatopancreaticae (sphincter ampullae, 
Oddi’s muscle) B20. The mucosa of the 
ampulla has folds which restrict the reflux 


of bile and pancreatic secretion into the 
ducts. The thin 


made up of tall epj 
nent elastic net 


layer. Mucus 
ducts, 





The gallbladder (vesica fellea, Rages, 
biliaris) A21 is a pear-shaped, thin-wal- 
led bag, some 8—12cm long x a 
wide, which holds up to 30-50 ml rr 
The gallbladder lies in a fossa in the liver 
to which it is attached by connective 
tissue. The fundus of the gallbladder Fe 
tends beyond the lower margin of zo 
liver. Its neck points upward and ae 
ward and lies above the duodenal bulb. 
The lower surface of the gallbladdet 
covered by peritoneum. The lumen oft zi 
neck of the gallbladder and of its i. 
tions with the cystic duct Al3 is — 
pletely subdivided by spiral igs rely <a 
ic folds of mucosa, known as the sp! 

fold (Heister’s valve). 


Fine structure. The mucosa forms ea 
folds that outline polygonal areas, eee 
in histologic sections often Sr 
“mucosal bridges” C22. The ape 
lumnar epithelium contains absorp Is 
cells with microvilli as well as other ce z 
which contain secretion granules. sm 
producing goblet cells are also Ponte 
and their number is increased in chro i 
inflammation, e.g., in patients with Bis 
stones. The remainder of the wall cons! ; 
of loose (alveolar) connective tissue an 
thin muscle layer C23. 


Bile flow. The course taken by the bile . 
be demonstrated on a radiograph by hy ef 
trast media which are excreted by the me 
after oral administration and gre a 
The gallbladder becomes filled by re ee 
the bile if the ampullary sphincter is clo ob 
Tension in its wall is adjusted to the eae H 
to which the gallbladder is filled. Dur inal 
sudden rise of pressure (cough, ae ee 
straining) the diaphragms of the spira «the 
are said to act as shutters. Opening i the 
ampullary sphincter and emptying oo 
gallbladder are controlled by ee is 
by the autonomic nervous system. The the 
no reflux of intestinal contents into oe 
ampulla. Overflow of bile into the eee 
atic duct is pathologic and leads to ae 5 
of the pancreatic enzymes and to necro 

the pancreas. 
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Pancreas 


The pancreas is the most important intesti- 
nal gland (for the islet cell apparatus see p. 
168). The composition of pancreatic juice 
depends of the food ingested. Like gastric 
secretion, pancreatic secretion is activated 
and controlled by a nervous stimulation, 
then by the stimulus provided by the filling 
of the stomach and finally by the action of a 
hormone released from the duodenum. 
During the third phase partly digested pro- 
teins cause liberation of hormones from the 
mucous membrane of the duodenum, which 
reach the pancreas via the blood stream. 


The pancreas is shaped like a horizontal 
wedge with its thin end on the left. It is 
14—18cm long, weighs 65—75 g and lies 
behind the peritoneum at the level of the 
2nd lumbar vertebra. The head AB1, the 
thickest part, fits into the duodenal loop 
to the right of the spine. Posteriorly and 
below its uncinate process AB2 hangs 
downward and embraces the superior 
mesenteric artery AB3 and vein AB4, 
which are situated in the pancreatic 
notch. The horizontal body BS5 bulges 
with the omental tuber A6 into the omen- 
tal bursa towards the lesser omentum. It 
then bends around the spine toward the 
hilus of the spleen, which it reaches by its 
tail AB7 in the splenorenal ligament. The 
pancreas is covered by connective tissue 
and is divided into lobules. It is only 
loosely connected to the posterior wall of 
the trunk and it moves with respiration. 
The transverse mesocolon runs over the 
head of the pancreas along the anterior 
head of the pancreas, Thus, the anterior 
surface of the gland is divided into an 
upper part which lies in the posterior wall 
of the omental bursa, and an inferior part 
which faces the free abdominal cavity. 


Its excretory duct, the pancreatic duct 
A8, is 2mm in diameter and runs right 
through the length of the gland. It re- 
ceives short, vertical tributaries from the 
lobules. In about 77% of Cases (in 
anatomical preparations) the pancreatic 
duct ends together with the common bile 
duct on the major duodenal papilla, inthe 
remainder (more common according to 
radiological Studies) it ends nearby. If 
present, the accessory pancreatic duct A9 
ends above the bile duct. It is absent in 
3% and present as a side branch in 33%, 





. 5 _9oF 
but it can also be the main duct in 5-8% 
of cases. 


Fine structure. The pancreas is a purely 
serous gland which ends in acini C10. Mae 
epithelial cells of the gland show at the 
apex (in the Golgi area) seme 
granules D11 (zymogen granules) an "i 
their base widespread basophilic ergasto- 
plasm D12. In contrast to the salivary 
glands, there are no myoepithelia eee 
tion results from fluid pressure). He 
system of excretory ducts is confined a 
long intercalated parts which nee 
major excretory ducts. At the origin 
the ducts they are said to be inveginay” 
into the acini, so that in cross-section 4? 
acinus will show “centroacinar cells 
D13. 


The pancreatic secretion is stimulated 
monally by endocrine cells of the duo : t 
mucosa, through secretin (a secrenon fia 
high bicarbonate levels) and cholecysto ge 
(a secretion high in enzymes), both of he 3 
also stimulate bile secretion, and by ce me 
the gastric mucosa through gastrin (a ae 
tion with high enzyme levels). The ey ae 
atic secretion contains lipases to break ae 
fat, amylases to break down carbohydre’ by: 
and inactive proteases (trypsinogen, oy 
motrypsinogen, etc.) to break down P 
teins. These enzymes are activated in 
small intestine by enterokinase. 


Position. The pancreas and the duodenut 
are situated in the middle of the UPtne 
abdomen. Along the upper margin Or enic 
pancreas runs the splenic artery. The sp # 
vein runs parallel to it a little lower down: 
joins the inferior mesenteric vein behin ass 
body of the pancreas and together they Ph FA 
behind the head of the pancreas with a: 
superior mesenteric vein AB4 into the i 
tal vein. The superior mesenteric . 
AB3 takes its origin from the aorta, =e 
behind the head of the pancreas and do¥ ; 
ward for several centimeters, then pane 
the pancreatic notch on the uncinate pro at 
AB 2, over the upper border of the how f 
tal part of the duodenum and into the dey 2s 
the mesentery. The head of the pancreas ; 
in front of the inferior vena cava B14 an tia¢ 
aorta B15 and reaches upward to the cé 
artery. 


| 


The root of the transverse mesocolon 
fixed to the anterior edge of the pancr 
and divides the abdominal cavity into 1% 
upper and lower abdomen. 
Duodenojejunal flexure. 
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Greater and Lesser Omentum 


The blood and lymph vessels of the upper 
abdominal organs are mostly situated in 
the greater and lesser omentum. The 
lesser omentum A.1 (which develops from 
the ventral mesogastrium) is a peritoneal 
fold that is stretched between the lesser 
curvature of the stomach A2, the upper 
duodenum A3 and the porta hepatis A 4. 
The delicate hepatogastric ligament A1 
and the tough hepatoduodenal ligament 
AS can be distinguished. The greater 
omentum AB6 is a flap-like, fat-rich 
double peritoneal fold which develops 
from the dorsal mesogastrium. It hangs 
downward from the greater curvature of 
the stomach and the transverse colon. 


AB7 Spleen, AB8 fundus of the gall 
bladder. 


Blood Vessels and Lymphatics 
of the Upper Abdominal 
Organs 


Arteries. The celiac trunk (axis) C9 usu- 
ally supplies the entire stomach, liver, 
spleen and part of the duodenum and 
pancreas. Its origin from the aorta C10 
lies in the aortic hiatus of the diaphragm. 
The origin is covered by the ganglia 
(celiac plexus) of the autonomic nervous 
plexus (see Vol. 3). The trunk divides 
into the common hepatic artery C11, the 
left gastric artery C12 and the splenic 
artery C13 (Haller’s tripod). The com- 
mon hepatic artery C11 divides into the 
gastroduodenal artery C14 and the hepa- 
tic artery C15. The gastroduodenal artery 
C14 descends behind the duodenal bulb. 
It gives off the right §astroepiploic artery 
C16 to the greater Curvature of the 
stomach, which forms an anastomosis 
with the left gastro-omental artery (left 
inferior gastric artery) C17 from the 
splenic artery C13 (arterial arch of the 
greater curvature). It ends in the (anterior 
and Posterior)superior pancreatico- 
duodenal arteries C18 which Supply the 
duodenum and the head of the pancreas, 


They are connected with the superior 
mesenteric artery C19 via an anterior and 
posterior arterial loop on the inner arch 
of the duodenum, running over and bey- 





ond the head of the pancreas, via the 
inferior pancreaticoduodenal ae 
(see p. 246). The right gastric artery C2"; 
a branch of the hepatic artery C15, runs 
back toward the lesser curvature of the 
stomach. The hepatic artery passes inside 
the hepatoduodenal ligament, medial t 
the common bile duct B21 to the pore 
hepatis where it divides into pi 
branches. The cystic artery C22 usual d 
arises from the right branch and supp 
the anterior and posterior surfaces of t 
gallbladder. The left gastric artery C 
runs within a peritoneal pouch (the ae 
tropancreatic fold) to the cardia. A as 
giving off esophageal branches, \t wt 
along the lesser curvature of the stoma i 
and anastomoses with the right eh 
artery (arterial arch of the lesser cu" e 
ture). The splenic artery C13, which it 
erally follows a tortuous course, pe 
along the upper margin of the body a 
tail of the pancreas, and finally passe 
the splenorenal ligament to the spleen. 
gives off pancreatic branches to the eo 
creas, and within the splenorenal ee 
ment, the /eft gastro-omental (infer! “ 
gastric) artery C17 to the greater men 
ture of the stomach (arterial arch of ; 
greater curvature), as well as the . the 
gastric arteries C23 to the fundus ° 
stomach. 


ef 
Veins. Venous blood from the ue I 
abdominal organs drains via the P? 
vein B24 into the liver (see p. 250): 


mp! 
Lymphatics and lymph nodes. The lyme 
vessels and nodes follow the course Pynpl 
arteries. The right and left gastric st ec: 
nodes D 25 lic alongside the lesser curva, ¢, 
they drain into the celiac lymph nodes 
Lymph from parts of the gastric Sun a 
the upper portion of the body of the se tore 
in the neighborhood of the greater cect vid 
also drains into the celiac lymph node 91: 
the left gastroepiploic lymph nodes »” 
Lymph from the lower portion of the re ins 
and the pyloric portion of the stomach 
Via the right gastroepiploic lymph nodes ly (0 
and the pyloric lymph nodes D29 pat? re 
the celiac lymph nodes D26, and they ef 
partly connected with lymphatics of the This 
via the hepatic lymph nodes D30. ous! 
makes it possible for lymph to drain tht0. 
the diaphragm into the anterior medias 
lymph nodes. 


sa 
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A Stomach and greater 
and lesser omentum 
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Abdominal Cavity 


The abdominal cavity is that part of the 
intra-abdominal space that is lined by the 
peritoneum. Behind it lies the re- 
troperitoneal space. The transverse colon 
and the transverse mesocolon subdivide 
the abdominal cavity into the upper and 
lower abdomen. 


Upper abdomen. The omental bursa A is 
the largest space in the abdominal cavity. 
The foramen epiploicum (omentale) (of 
Winslow) - arrow in B — at the lower 
margin of the hepatoduodenal ligament 
AB1 forms the entrance into the vestibule 
of the omental bursa. It is Situated be- 
neath the caudate lobe AC2 of the liver. 
On the right, the inferior vena cava bor- 
ders on the vestibule, and on the left lies 
the aorta. The superior recess points up- 
ward under the liver, between the in- 
ferior vena cava and the esophagus. The 
inferior recess extends downwards be- 
tween the stomach and the transverse 
colon to the attachment of the greater 
omentum ABC3. The gastrocolic liga- 
ment C4 connects the transverse colon 
with the greater Curvature of the 
Stomach. A5 attachment of the greater 
Omentum to the transverse colon. The 
greater omentum becomes adherent to 
the left abdominal wall across the left 
colonic flexure and forms the 


phrenicocolic ligament, the floor of the 
splenic fossa. 


The omental bursa C6 is a Space in which the 
Stomach can move. Its anterior wall is 
formed by the lesser omentum C7 and the 
stomach C8. After their removal the pos- 
terior wall and the extent of the omental 
bursa are demonstrated in A. A9 Cardia, 
Al0spleen, All duodenum. 


transverse 
the second 


root of the mesentery extends from the 
duodenojejunal flexure (left from the 2nd 


entery is continuous 
Bia Ps ital tuber ae of the appendix, 

> Hental tuber at the posterior wall « 
the siicntal Bua, BE 1s A na 


ducdenojejunal 





flexure, B16 superior mesenteric artery a 
vein, C17 course of the blood ven 
relation to the head of the pancreas Cis 
uncinate process C19 and duodenum 
C20 transverse colon. 


Drainage space in the upper adore 
the subphrenic recesses, are foun id 
neath the diaphragm along the an kK 
surface of the liver, on both sides © a 
falciform ligament D21. Between wi, 
cending and descending colon at ie 
lateral abdominal walls on iy e 
he left D22 and the right ¥” 
me recesses. The subhepatic re 
cess D24 extends over the transve if 
colon, stomach and lesser omentum fe 
neath the liver. It leads into a /eft a 
terior subphrenic recess. D25 Coro af 
ligament. On the right side ni he 
narrow posterior passage below t at 
phragm, through the wide base ae 
the hepatorenal recess D26. The mk oot 
spaces (demarcation spaces) are ! Adi 
tant in the flow of peritoneal fluid a Pe 
the spread and encapsulation of 1” 
tions. 


; 
The lower abdomen below the transver 
mesocolon is divided into 2 eae f) 
pouches: above the root of the ine D 28 
the right D27 and below it the /ef a 
mesenterocolic recesses. They are jen? 
nected to each other above the duo 


jejunal flexure BC15. 


are 
The recesses in the lower apaon acd 
formed where the retro- and eta oad! 
portions of the intestine merge ae he 
other (see p. 218). The pateral Bre jatel 
ascending colon and the medial “ ad int? 
grooves of the descending colon le pelvis 
the peritoneal recesses of the lesser sce?’ 
rectovesical and rectouterine pouerien | é 
314. Folds in the lateral grooves ule 
descending colon form the paracolic 





' ~ hs xe <L as 
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C Sagittal section through 
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246 Digestive System 


Blood Vessels and Lymphatics 
of the Lower Abdominal 
Viscera 


Of the lower abdominal viscera the je- 
junum, the ileum and the colon are whol- 
ly, and the duodenum and pancreas are 
partly, supplied by the superior and in- 
ferior mesenteric arteries, The border be- 
tween the supply areas of these two ar- 
teries lies in the left half of the transverse 
colon and coincides approximately with 
the border between the areas under the 
influence of the vagus and the sacral 
parasympathetic nerves (see Vol. 3). 


Superior mesenteric artery B1. It arises 
from the aorta immediately below the 
celiac trunk, runs downward behind the 
head of the pancreas (see p. 240) and 
enters the mesentery between the lower 
margin of the pancreas and the upper 
margin of the inferior part of the 
duodenum, about 3cm_ below the 
duodenojejunal flexure. In rare cases 
traction of the vessel’s trunk can produce 
closure of the duodenum. The artery is 
enveloped by a dense nervous network, 
the superior mesenteric plexus. 


On the left side 10-16 jejunal and ileal 
arteries B2 arise from the superior 
mesenteric artery. Each divides into two 
branches Which are connected with the 
neighboring arteries (arcades of the 1st 
order). Further rows of transverse cross- 
connections follow (arcades of the 
2nd—4th Orders), producing an ever nar- 
FrOwer vascular meshwork. The formation 
of arcades is more marked in the lower 
Part of the small intestine than in its 
upper part. The parallel blood vessels 
Which run from the Outer arcades to the 
Intestine are end arteries and their block- 


age will result in a local lesion of the 
intestine. 


The inferior pancreaticoduodenal arteries 
B3 are the first to arise behind the head of 
the pancreas from the right side of the 
mesenteric artery. They are connected 
with the arch formed by the superior 


duodenal arteries B4 (see p. 242). They 
then give off 3 arteries to the large intes- 





tine. Following on the supply area of the 
ileal arteries is that of the ileocolic artery 
AB5, the terminal branch of the superior 
mesenteric artery. This artery gives % 
branches to the cecum (the anterior a 
posterior cecal arteries) and to the si 
part of the ascending colon (the Cc? 
branch), and the appendicular wher 
AB6 to the appendix. Next is the 78 
colic artery AB7 with branches reac 
the right colic flexure, and finally 2 
middle colic artery AB8, which suppli¢ 
about two-thirds of the transverse 010 
It anastomoses with the adjacr 
branches of the left colic artery, whic? 
arises from the inferior mesenteric wie 
(see p. 248). The arcades of the arteries f 
the large intestine form a row of W! 
meshes. As a rule they are not connec 
with the arteries of the retroperitone 
space. A9 Transverse mesocolon. 


; , the 
The veins from the area, supplied by ; ; 
superior mesenteric artery, drain into 
portal vein (see p. 250). 


Lymphatics and lymph nodes. Lympha" 
ics from the area of the superior mes 
teric artery run with the arteries a i 
reach the left /ummbar trunk or the ciste" ; : 
chyli C11, usually via one intestinal a of 
C10. Along their course there are 10 
more small superior mesenteric ee! 
nodes C12 - ileocolic C13, right C14 4 x 
middle C15 colic lymph nodes. Some ; 
these are situated near the organ 
juxtamedullary lymph nodes, ot ‘he 
further along toward the root of “nic 
mesentery. C16  Pancreaticosp!é 
lymph nodes. 
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248 Digestive System 


The inferior mesenteric artery ABI 
arises ventrally at a rather low level 
(3rd—4th lumbar vertebra) from the aor- 
ta, turns to the left and runs across the 
psoas muscle and the linea terminalis into 
the lesser pelvis. Its first part often lies 
below the horizontal part of the 
duodenum. This artery is covered by a 
dense network of autonomic nerve fibers. 
The left colic artery AB2 arises either 
directly from the inferior mesenteric ar- 
tery or, together with the sigmoid artery 
AB3, from the short common stem of the 
inferior mesenteric artery. The left colic 
artery divides into an ascending branch, 
which continues the supply to the intes- 
tine from the middle colic artery (a 
branch of the superior mesenteric ar- 
tery), and intoa descending branch. This 
supply area is often followed by the sig- 
moid artery or arteries which reach the 
sigmoid colon in the pelvic mesocolon. 
A4 Duodenojejunal flexure. 


Arteries of the rectum. The last branch of 
the inferior mesenteric artery is the 
superior rectal artery BCS. It runs across 
the internal iliac artery into the lesser 
pelvis behind the rectum and supplies the 
latter down to the internal sphincter mus- 
cle of the anus. This artery may be di- 
vided into two branches. Branches of the 
superior rectal artery are joined above 
the pelvic floor C6 on either side by the 
branches of the middle rectal artery C7, 
which comes from the internal iliac ar- 
tery. Below the pelvic floor, which is 
pierced by the branches of the superior 
rectal artery, these are jOined on each 
Side by branches of the inferior rectal 
artery C8 from the internal, 

artery. However, the anastomo 
middle and lower rectal arterie 
superior rectal artery are inade 
Substitute for the superior rec 
As the superior rectal artery 
single communication with t 
artery, the sigmoidea ima 

former vessel C5 must not 


ses of the 
S with the 
quate asa 
tal artery. 
has only a 
he sigmoid 
artery, the 
be ligated 


below this junction (circle in B). C9 Edge 
of the cut peritoneum. 





pudendal | 


The veins from the area supplied by the 
inferior mesenteric artery drain into pe 
portal vein (see p. 250), as do the eo. 
from the upper parts of the rectum. : 
veins from the middle and lower parts ; 
the rectum drain via the internal ill 
veins into the inferior vena cava. 
Inferior mesenteric vein. 


h 
Lymphatics and lymph nodes. lg 
from the lower anal region Spe 
anal valves) flows subcutaneously (se 
the superficial inguinal lymph nodes a 
p. 78), and that from the upper avid 
region (above the anal valves) ance 
the lymph nodes of the ischioana pit 
D11 the internal iliac lymph nodes AG 
Lymph from the upper rectum drains! 
the sacral D13 and common iliac 
lymph nodes, as well as into the infe 
mesenteric lymph nodes D15 via sink 
mesosigmoid fold. From the oe 
colon lymph flows via the inferior ™ fe: 
teric and left colic D16 lymph nodes i, 
the intestinal trunk D17 and from ' 
ultimately into the cisterna chyli. 


rior 
the 
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Portal Vein 


Venous blood from the unpaired abdomi- 
nal viscera (the gastrointestinal tract. 
gallbladder, pancreas and the spleen), 
which are supplied by the three unpaired 
abdominal arteries (the celiac trunk and 
superior and inferior mesenteric arteries) 
reaches the liver via the portal vein and 
runs through the hepatic veins to the 
inferior vena cava. Nutrients absorbed 
from the intestine thus reach the central 
metabolic organ by the shortest route. 


The portal vein is formed from 3 root 
veins, the splenic, inferior mesenteric 
and superior mesenteric veins. 


The splenic vein ABC1, like the splenic 
artery, runs along the upper margin of the 
pancreas A 2. In its course it receives the 
Short gastric veins BC3, the left gas- 
troepiploic vein BC4 and the pan- 
creaticoduodenal veins and duodenal 
veins. Behind the body of the pancreas, 
the inferior mesenteric vein ABCS joins 
it, and behind the head of the pancreas 
A2 it unites with the superior mesenteric 


vein ABC6 to form the portal vein 
ABC7, 


The inferior mesenteric vein ABCS5 con- 
tains blood from the descending and sig- 
moid colon and from the upper rectum 
(superior rectal vein). Its course differs 
from that of the inferior mesenteric ar- 
tery. Both vessels run together until the 


departure of the left colic artery. From 


there the vein follows that particular 
branch and then 


runs in a peritoneal 
recess, the superior duodenal fold, across 


the duodenojejunal flexure behind the 
pancreas. 


The superior mesenteric vein carries 
blood from the small intestine, the cecum 
and the ascending and transverse colon, 
accompanied by the Superior mesenteric 
artery behind the head of the pancreas 
A2, and it receives the pan- 


creaticoduodenal and right 8astroepiploic 
veins during its course. 


The following veins end directly in the 
trunk of the portal vein: the right and left 





gastric veins BC8 from the lesser curve: 
ture of the stomach, the cystic vein s 
from the gallbladder, the prepyloric ve" 
from the anterior surface of the pyr 
and lastly the paraumbilical veins Cs 
which accompany the ligamentum Ne 
in the falciform ligament of the liver 
They form anastomoses between the Me 
cutaneous veins of the abdominal i 
and the portal vein and open into a 
main branch of the portal vein. 
arrows in C represent connections 
tween the afferents in the portal vein : 
the . reas that drain into the superior? 
infe 1or vena cava: e.g., D congestion 
the portocaval anastomoses. 


and 


3 
> drainage 4% 
Portocaval anastomoses. The patel the 


of the portal vein borders on that low 
superior and inferior vena cava at the 

ing sites: esophagus (blood er the 
esophagal veins ABCD 1 flows pate 0 
azygos vein D 12 and the hemiazygos (blo 
the superior vena cava D13), rectum eit 
from the middle and lower rectal veil 
CD 14 drains through the internal re 
D 15 to the inferior vena cava D16), a) yen! 
nal wall (connected with the superior 
cava D13 by the thoracoepigastric 163 
D17 and to the inferior vena cava “ if 
the superficial epigastric veins D 18). 0st 
those regions that portocaval anasto a 
occur, i. e., connections between the phe 
drained by the portal vein D17 a vert 
superior vena cava D413 or the inferior o 
cava D 16. Additional portocaval seaman aris 
ses may be present between the mes¢ 
veins and the retroperitoneal veins. 


; es 
Clinical Tip. In a case of portal vein cone 
tion, e.g., in cirrhosis of the liver, par ys he 
portal venous blood flow will il ad 
liver via these portocaval anastomose*", ins 
they become prominent as a ere, 
namely esophageal varices D1, bt no! 
hemorrhoids (piles) D14 and conges p! 
the subcutaneous abdominal veins 
(“caput Medusae”’). 
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Urogenital System 


The excretory ducts of the urinary system 
and of the genital organs — the urogenital 
Organs — are closely connected by their 
embryologic development as well as by 
their function. It is convenient, there- 
fore, to discuss them together. 


Urinary Organs 


The kidneys produce urine by eliminating 
water and various harmful metabolic pro- 
ducts, most of Which arise in other or- 
gans. Thus the internal environment of 
the tissues is regulated, the equilibrium of 
minerals and water is maintained and the 
hydrogen ion concentration (pH) of the 
body is Kept constant. The process of 
elimination takes pl 


first an ultrafiltrate of blood plasma, the 


» urinary bladder A2 
addition, the kidneys 


Cts on blood pressure 
and hemopoiesis. 


In addition, the kidney produces active sub- 
» an enzyme, leads via inter- 


€ enzyme kal- 
Pansion (via other 


Kidney produces 
landins. 


active substances). The 
arge quantities of prostag 
Position. The 
shaped and their longi 
Pond approxim 


in the lumbar region on either side of the 
spine. Their upper poles extend abor 
far as the upper margin of the ae 
thoracic vertebra and in the adult the! 
lower poles reach down to the 3rd lumbs! 
vertebra. The hilum (renal porta, ae 
254) lies at the level of the first lum i 
vertebra A4. The 12th rib A5 crosses 
kidney obliquely at the border ae 
its upper and middle thirds. Tose 
with the 12th rib, part of the wi. 
portion of the diaphragm A6 and the 
costodiaphragmatic recess A7 oF ihe 
pleura lie across the upper third dnc) 
kidney. In 65% of cases the right ki ih 
lies about half a segment lower than 
left. In deep inspiration and in the gsi! 
position the kidneys descend by 4 oa 
3cm. Rotation and a dipping mover 
are also possible. The kidneys are me ) 
position by a fascial sheath and a J” 
capsule. 


nich 
The suprarenal (adrenal) gland B8 we 
is embedded in the kidney’s fat Cr i 
sits upon the upper pole of each 2 ES 
like a cap. The inferior vena cava B oa li 
the descending part of the duodenu 
near the hilum of the right kidney: dne) 
anterior surface of the right ali 
touches the liver B10 and the right ¢ 
flexure B11. The abdominal aorta ne 
runs near the hilum of the /eft kidney’ 
anterior surface of the left kidney rie 
the stomach, pancreas and left ames i, 
ure B13, and with its lateral bor i 
touches the spleen B14, Posteriorly wo 
kidneys border on the diaphragm 4 pis 
medially on the psoas major me tl 
laterally on the quadratus lum dom 
muscle B16 and the transverse abe" 
nal muscle. The kidney is cross¢ 
teriorly by the subcostal, iliohypO : 
and ilioinguinal nerves parallel ! 
course of the 12th rib. 


str? 
g® oe 


io 
an 
The kidneys in children are lower th the 


c ae 
adults, and the lower pole may rere rel? 
iliac crest. The kidneys of children a 
tively larger than those of adults. 



















A Position of urinary organs in relation 
to diaphragm and spine 
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254 Urinary Organs 
Kidneys 


The kidney (ren or nephros) in the adult 
weighs 120—300g, is 10—12cm long, 
5—6cm broad and about 4m thick. The 
convex lateral margin has a more pro- 
nounced curve at the poles, which ap- 
pear, therefore, to be rolled in medially. 
On the medial margin lies the renal hilum 
(porta renalis) through which the blood 
vessels Al, nerves and the renal pelvis 
A2 enter and leave. 


As the kidney excretes urea, a waste product 
of protein metabolism, it enlarges following 
a pure meat diet — work hypertrophy. After 
removal of one kidney, the other kidney 
enlarges to almost double its size — compen- 
satory hypertrophy. 


Renal capsule. The kidney is enveloped bya 
fough capsule of collagenous fibers which is 
connected to the kidney by areolar tissue. It 
can easily be Stripped off right up to the 
hilum. The capsule at the hilum is connected 
to the connective tissue of the vessels which 
enter into a central recess, the renal sinus. 


Body of the kidney. After removal of the 
vessels, nerves, pelvis and fat from the 
renal sinus A3, the body of the kidney 


appears as a thick-walled, slightly flat- 
tened pouch. Its 


a slit by an ante 
the body. The 
Walls of the body of the kidney are 
formed of sever 

(renculi) each of whi 


ranches of th 
branch supplie 


y five vascular segments 
to the Kidney, a superior, antero- 
superior, antero-inferior, inferior and 
Posterior segment. 


The kidney of the 7 
certain animals, sho 
tion of the Original 
but in the course 0 
this renculi-markin 


ewborn, like that of 
Ws the clear demarca- 
renal lobes (renculi), 
f the next 4—6 years 
8 disappears. 





The kidney B6 is fixed in position by "4 
renal fascial envelope, a fibrous ve 
sheath, and a fatty capsule (capsula er 
osa) B5. The fascial envelope is pe 
the subperitoneal fascia. In the 6 
envelope, a distinction is made bet nls 
the anterior layer, the fascia prere! “it 
B7, and the posterior layer, the at 
retrorenalis B8, which join later “fk 
Most of the anterior layer (leaf) : a 
ered by peritoneum B9. The ‘f 
envelope of the kidney is open 7 sce 
and at the lower end where the re 
B10 and nerves from the prevent a 
Space enter the renal hilum. 
laminae of the fascia extend to ae : 
phragm. The fatty capsule le wet anf 
depot fat and it therefore shrinks asin 
form of malnutrition, thereby incre 
the motility of the kidney. 


ing 
B11 Abdominal wall, B12 descent 
colon, B13 duodenum, B14 aorta, 1 
inferior vena cava, B16 pancreas, 19 
transverse colon, B18 psoas muscle, 
musculus quadratus lumborum. 


‘ alfor 
Clinical tips: Of all the variants and ‘cl ula” 
mations with which 2% of the entire Ml sys 
tion is born, 30% affect the urogen! ca of 
tem. A cystic kidney results whenort he 
the embryonic cortex (a See antl he 
embryonic plate) falls to connect sare 3 
renal pelvis. Supernumerary kidney vetcl: A 
counted for by early splitting of the reidne)® 
more common abnormality is fused esi 
the most frequent type is the ig ee of 
kidney which lies in the midline a 5 the 
the spine. Congenital displacemen 
kidney also occurs. 
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256 Urinary Organs 
Section Through the Kidney 


Functioning of the kidney presupposes 
and ample blood supply. About 20% of 
the volume of blood which the heart 
pumps into the aorta flows into the kid- 
neys. The arborization of the renal blood 
vessels has a peculiar pattern, which can 
be demonstrated by injecting suitable 
(colored) material into the vessels. The 
vascular tree, together with the tubules of 
the renal parenchyma (see p. 260), pro- 
duces the characteristic macroscopic pat- 
tern on the cut surface of the kidney. 
Both a longitudinal (frontal) and a trans- 
verse section through the kidney show its 
division into a cortex and a medulla. 


Cortex AB1. The brownish-colored cor- 
fex, about 1cm wide, lies beneath the 
fibrous renal capsule. From the medulla 
(base of the renal pyramids), medullary 
rays AB2 (fascicles of extended tubules 
and collecting vessels) penetrate the cor- 
tex, forming the pars radiata of the corti- 
cal lobules. The Parts of the cortex lying 
between there are, as the microscopic 
illustration shows, the partes convolutae 
of the cortex. Within the lobules there is 
an accumulation of dark red spots, the 
renal corpuscles oy glomeruli. Between 
the pyramids of the medulla, the cortical 
substance lies in the form of renal colums 
(“Bertini’s columns” A3) extending 


down to the renal pelvis. AB4 Fibrous 
Capsule, 


Medulla A5, The medulla consists of 
several large pyramids. Their apices (the 
rd the renal pelvis 
Show striations 


Blood Vessels of the Kidney 


a renal artery A§& and vein A9 in the 
i 


~ um enter the loose, fatty connective 
Ussue AB 10 that lies between the renal 


enal pelvis, except 
artery divides into 


Parenchyma and the r 
for the Papillae. The 





the following branches: the interlobat 
arteries AB11 enter the medulla bet 
the pyramids. They divide and eee 
arcuate arteries AB12 like arches ; 
tween the cortex and the medulla both® 
which they supply. 


Cortex. The interlobar arteries B13 go 
ate into the cortex and give off ae 
vessels B14 at regular intervals. ae 
carry the blood to the renal corps 
where they form tufts of blood “a 
the glomeruli B15. From there ‘ie 
flows via the efferent vessels B16 a y 
capillary net of the cortex. It a 
drains via the interlobar veins B17 
the arcuate B18 and interlobar veins B 
Some interlobar arteries send cops 
branches and some interlobar veins 5° 
stellate venules B20 to the capsule. 


4 
Medulla. The straight arterioles B21 wee 
ate into the medulla from the wr: 
vessels of glomeruli B12. The blood ae 
via the capillaries into the ven i 
B22, and thence into the arcuate B 
interlobar B19 veins. F 
In the cortex are the glomeruli in the ee f 
corpuscles, which serve for ultrafiltray 
of fluid from the blood (see p. 258). ; 
medulla contains the straight vessels, © 
arteriolae and venulae rectae, which 
mainly concerned with reabsorplo” | 
fluids and of dissolved matter mane 
primary urine excreted in the glom¢ (st 
The tubules of the renal parenchym: s¢ 
p. 262) play a dominant part in 
functions. 


. 
s 
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Fine Structure of the Kidney 


Besides the blood vessels. the kidney posses- 
ses a complicated system of tubules. the 
nephrons and the collecting ducts. The kid- 
ney of an adult contains 0.9—1.6 million 
nephrons. Each nephron is a unit which 
consist of a corpuscle and its tubule. The 
corpuscle contains the glomerulus—a filter 
through which the primary urine is filtered 
from the blood. Secondary urine is produced 


by proecesses of reabsorption into the 
tubules. 


Structures Producing the Primary 
Urine 


The glomerular renal corpuscle or Mal- 
pighian corpuscle AB, is around 200 um 
in diameter and is visible to the naked eye 
as a red spot. It contains the glomerulus 
with about 30 capillary loops AB1, which 
invaginate into the blind sac, the head of 
the tubular system at the vascular pole. In 
this way a double-walled capsule, Bow- 
man’s capsule AB2, is formed, the inner 


wall sitting on the glomerular capillaries 
in the form of podocytes. 


Connective tissue cells at the vascular 
pole form the mesangium AB3. The 
Space between the two walls of Bowman’s 
capsule receives the Primary urine and 
allows it to pass through its openend AB4 
Into the tubular System. AB5 Vas affe- 


rens, AB6 vas efferens, ABT macula 
densa. 


lamina 
dothelium CD8 


Which is Covered by the basal lamina, is 

Open pores 
70-90 nm in diameter. The endothelial 
Pores prevent the Passage of large cor- 
Puscular elements. The basal lamina 
m thick. Its lamina 
ayer of collagen (type 


embedded in glycoproteins, and 


functions as 4 mechanical filter (size 
Selectivity). Its inner and outer lamina 
Ostatically by means 
of strongly negatively-charged heparan 
Sulfate, and prevent Positively-charged 





particles (plasma proteins) from entering 
(charge selection). During slow passage 
through the filter, macromolecules can 
also be phagocytosed by mesangial cell 
and podocytes. The cell bodies of the 
podocytes ABCD 10 protrude into the 
lumen of Bowman's capsule. Their pt 
mary processes are given off into the 
superficial surface of the basal famines 
They give rise to numerous, short, a 
ondary processes, which alternate wild 
neighboring podocyte processes to Po 
duce slit pores of 40—SO0 nm. A band-lik? 
diaphragm (arrow in D) which we 
rectangular pores of 4 x 14nm lies ~ 
the slit pores. The slit pore diaphragm 
form the densest filtering structure. The} 
prevent the passage of substances wie 
molecular weight greater than 70,000. be 
adequate blood pressure (more thas 
50 mmHg) is required for the urine a 
tion mechanism to work (filtratio 
pressure prerequisite). 


The juxtaglomerular apparatus consist 
of the macula densa AB7, the granular 
Juxtaglomerular cells of the pole cust 
(arising from the media of the vas of 
ferens) AB5 and a group of i. 
glomerular mesangial cells (Goormie™ 
tigh cells) lying between the macula oT 
sa and the vas afferens-vas efferens oy é 
and continuing in the intraglomert 
mesangium AB3. This is involved in ef 
regulation of blood pressure. Granules ‘ 
the cells of the pole cushion cone 
renin, a proteolytic enzyme. This sae 
off angiotensin I from the polypep!! 

angiotensinogen, which is found in re 
blood plasma. Further enzymatic mai 
down produces the highly active ego 
strictor (elevator of blood pressure) @ 
giotensin IT. The macula densa is thoug 
to be a chemosensitive area, able to et 
sure the sodium chloride content of . 
urine in the tubule and to cause os 
release of renin from the pole cushio’ 
cells. The juxtaglomerular apparatus . 
ulates perfusion of the glomerul! ! 
blood. The cells of the juxtaglomer 
apparatus receive adrenergic innet* 
tion. 


a SETI! 


— 








c Capillary of a renal corpuscle with 
Podocytes, section from A 


D Electron-microscopic appeara 
through C 


nce of section 
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Structures Producing the Secondary 
Urine 


Renal tubules and collecting ducts. Each 
unbranched renal tubule is about Scm 
long. It originates at the urinary pole of 
the renal corpuscle and opens together 
with others into a collecting tube. It con- 
sists of the following segments (A shows 
on the left the electron-microscopic ap- 
pearance of cells in consecutive cross- 
sections through the corresponding seg- 
ment of a tubule). 


The proximal tubule Al is convoluted 
(tubulus contortus) near the glomerulus 
A2, and then becomes Straight (tubulus 
rectus) and runs as the descending limb of 
Henle’s loop toward the medulla. It is 
40-60um thick and is lined by tall, 
dense, epithelial cells (high microvilli, 
folded basement membranes and numer- 
ous mitochondria). The free surface con- 
tains enzymes for glucose resorption, 
Peptidases, €tc., and has resorption vac- 
uoles. Some drugs are secreted here. The 
lateral cell membrane has a large number 
Of processes, and neighboring cells are 


linked via a simple (permeable) zonula 
Occludens. 


The intermediate tubule AB3 (Henle’s 
loop) penetrates the medulla in a hairpin 


teriolae and venulae recti AB4run paral- 


lel to it into the medulla. The intermedi- 


ate tubule varies in length, but is longest 


at the juxtamedullary nephrons near the 
medulla, The intercellular zonula occlu- 
dens is One-layered and permeable. 


The distal tubule ABS5 of Henle’s loop 


and shorter ones, 
tubule. It is characte 
dense zonulae occly 





densa of the juxtaglomerular apparatus, 
it becomes the distal tubulus contortus. 
which has fewer zonulae occludentes. 


The junctional tubule A6 leads into v 
collecting duct AB7, which merges wi! 
others into larger papillary ducts to a 
the apex of the renal papillae A8. ek 
are about 20—80 papillary ducts, whic 
form a sieve-like plate, the area cribros@ 
The collecting ducts and the papi 
ducts are 200—300 um thick. Two 
of the epithelial cells appear light in co : 
(main cells), and one-third appears dat 
due to a wealth of cell organelles (interye 
lated cells). Interpolated between ! 
main cells, these can penetrate towa! 
the lumen to varying degrees. 


A9 Vas efferens, A10 vas afferens, AL 
capsular branches, A 12 stellate venules: 
A13 interlobar vein, A14 arcuate arte? 
and vein. 


The architecture of blood vessels — 
tubules determines the macroscopic app 
ance of the cut surface of the kidney (s¢¢ 
256). 


i of 
Cortex. The glomeruli and tubuli contort e 
the proximal and distal tubules lie in 
cortical zone (I = pars convoluta 0 ays 
cortical lobule). Each of the medullar) ; 
of the cortex (II = pars radialis 0 - 
cortical lobule) carries 4—8 collecting 
and tubuli recti. In the renal medulla, 
proximal tubulus rectus ends in the ee 
Striation of the external zone (III ~ Gistd! 
externa, outer striation), while the @ 


inne! 
tubulus rectus reaches as far as the : an 
Striation of the external zone (IV - of the 


externa, inner striation). Some 14% uct 
intermediate tubuli and the papillary ond 
reach as far as the internal zone (V = 2 
interna), 


- ted 
; e 
The renal corpuscles and their associa 
convoluted tubules are arranged in / il 
There are juxtamedullary A2 and subcap. , 
lar AS glomeruli and intern. ap” 
glomeruli A16 between them. The v8 ex’ 
sular nephrons have short loops whic a 
tend only a short distance into the ae he 
of the medulla. The juxtamedullary ! ne 
rons extend into the inner region ° 
medulla with very long loops. 
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’ iia 
A Renal tubules and blood vessels in cortex and WA ceroscopic image 
Medulla (schematic) B SET anor the corre- 
ending tubule section (right) 





Terminology of the renal tubules Term used in micro- 


scopic anatomy (older 


Term used in term in brackets) 


Nomin Hi 
aHis j ; 
om ed. (1 9a) 9 — 


Proximal conv 


le 
tubule | proximal tubu 
“— (main segment) 


r . 
Ubulus Contortus proximalis First part 
| 


T 
Ubulus rectus proximalis Intermediate tubule 


Middle part ecting segment) 
qUbulus Pars descendens | Henle’s Loop (conn 
Menuatus Pars ascendens Final part Distal tubule 
(middle segment) 
“Dulus rectus distalis wel 
olute 
Tubutug Contortus distalis Distal conv Connecting segment 


nt 
Ty nnecting segme 
bulus renalis colligens es 
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Formation of Secondary Urine 


Countercurrent exchange — bundle of 
ducts. The almost parallel arrangement 
of the loops of the renal tubules, the 
collecting ducts and arteriolae and ve- 
nulae rectae, together form numerous 
bundles of ducts in the renal medullary 


rays, through which the secondary urine 
is produced. 


Proximal tubule 1. Sodium-potassium 
ATPase, the enzyme involved in active 
transport—becomes highly concentrated 
at the basolateral cell membrane of the 
tubule’s cells, indicating active transport 
Processes. Na* ions are pumped out of 
the tubule cell into the interstitium (inter- 
cellular space). Cl- ions and Osmotically 
bound water from the tubule lumen fol- 
low. The loss of Na* ions from the cells is 
compensated for by uptake of Na* ions 
entering the cells from the tubule lumen 
(and in exchange for this, H* ions are 
secreted from metabolic processes into 
the tubule lumen). There is a constant 
Process of Na* and water extraction, with 
Na* cotransport of glucose and amino 
acids from the primary urine. The capil- 
laries 2, carrying blood from the efferent 
arterioles 3 of the subcapsular and 
mediocortical glomeruli 4, are involved 


in this Process of water extraction from 
the interstitium, 


The intermediate tubule 
Permeable to water, In th 
of Henle’s loop, water is 
the urine, which becom 
hypertonic towards the a 
la. The reason for this ist 
ity of the interstitium, 
activity of the distal tubu 


venulae rectae 6, which ca 
the vasa effe 


ing the w 


S is extremely 
e thin segment 
removed from 
€s increasingly 
pex of the papil- 
he high osmolar- 
caused by the 
lus rectus. The 
try blood from 
rentia are involved in remov- 
ater from the interstitium, 


In the distal tubule, 


the distal tubulus 
rectus 7 is extre 


mely impermeable to wa- 


ter. Here, too, Nat 


ermeability water 
continue into the 
Wing the ion flow. 





so that the osmolarity in the inte 
is powerfully increased. At the oan 
time, in the thin segment of Henle’s lo 4 
the urine, which has become stro 
hypertonic due to water loss, pet the 
comes hypotonic after flowing in » Cr 
distal tubulus rectus. (The Na™ an Pe 
ions that are excreted into the ee 
stiium have previously made ea he 
hypertonic in the waterpermeab ean 
segment of Henle’s loop, by rem ie 
water from it.) The distal tubulus ite 
tus 8 is water-permeable again. 1 iii 
outflow is once more associated wit i 
release of Na* and CI ions we Ay 
interstitium. The sodium release a 
the interstitium is replaced here by 
and H* ions, or other cations. 


: ef 
The collecting duct 9 mediates ee, 
water reabsorption, which deter nt 
the ultimate concentration of the “ ithe 
ary urine. Reabsorption is effected a 
antidiuretic hormone vasopressin, an 
makes the collecting duct (and me 2 
necting segment 10) prec iment 
Under vasopressin, water 1s ne tet 
transported from the urine intot * per’ 
stitium, and the urine becomes ate 
tonic. (Vasopressin release is = if 
by osmoreceptors in the hypotha ound 
At the end of the collecting duct, 4 the 
99.5% of the water filtered in Na’ 
glomerulus is reabsorbed with the 
and CI ions. 


outer striation 12, wider in the ints 
striation 13, and highly expanded ! ef 
internal zone 14. The internal oO rctibt 
tains special lipid-containing lay and 
cells, arranged one behind anot a 5c" 
Stretched in a transverse mace h 
tween the tubules and the vessels, en $ 
impede longitudinal diffusion Perea 
and thus provide support for an! 


ing rise in osmolarity. 


af’ 
P : ar a 
15 Afferent arteriole, 16 dann veil 
tery, 17 arcuate artery, 18 arcuat 
19 arteriolae rectae. 
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Organs of the Urinary Tract 


The renal pelvis collects the urine which 
comes from the apices of the papillae. It 
tapers into the ureter which passes the 
urine in small portions into the urinary 
bladder. The urine is discharged from the 
bladder through the urethra. The wall of 
the urinary tract organs has a muscle 
layer which is capable of producing peri- 
Staltic movements and alterations of 
tone. The mucosa consists mainly of 
transitional epithelium. Glands are only 
present in a few places. A loose adventi- 
tial connective tissue permits adaptation 
to the environment under varying de- 
grees of distension. 


Renal Pelvis 


The renal pelvis AC1 (pyelon) loosely 
lines the renal pouch. Only in the area of 
the papillae is it firmly attached to the 
parenchyma of the kidney. A calix AC2 
is formed around each papilla as it pro- 
trudes into the renal pelvis. The calices 
have a stalk of varying length AC3. The 
7—14 minor renal calices surround the 
apex of the papilla, and before joining the 
unbranched part of the renal pelvis, they 
combine to form 2—3 major renal calices. 
The renal pelvis is surrounded by loose 
connective and fatty tissue which fills the 
space between the kidney and that part of 
the renal pelvis which is not adherent to 
the parenchyma. Vessels and nerves run 
through this space. A4 Ureter. 


Clinical Tip. As the papillae and the 
calices are often affected together in dis- 
cases, clinicians speak of the “pyelorenal 
border region”. 


The shape of the renal pelvis shows indi- 
vidual and functional differences. It is 
usually possible to distinguish between an 
upper and a lower main branch. The 
pelvis can be uniform in shape, an ampul- 
la-like bag (pelvis renalis ampullaris) A1, 
Or it can consist of several funnel shaped 
tubes” BS (pelvis renalis ramificatus). 
Transitional forms are common. The for- 
Mation of a particularly large ampulla- 
Shaped pelvis may be due either to de- 


velopmental processes or to disease (hy 
ronephrosis). The average capacity of the 
renal pelvis is 3—8 ml. 


Fine structure. The renal pelvis is thit- 
walled and is lined by a transition® 
epithelium (see p. 270), but over the 
papillae it is lined by polygonal column4! 
epithelium. The wall of the renal pelv 
contains a network of muscles, whic 
forms a sphincter-like structure in 
fornix C2 of each calix and near the ap 
of the papilla at the border between ! 
pelvis and the calix: the sphincter of 
fornix C6 and the sphincter of the ¢4 rf 
C7. There is also a pelvic sphincter C9® 
the transition of the pelvis into the urete™ 


Urine is first collected in the calix while rs 
sphincter of the calix is contracted. The" he 
muscles in the calix wall, the sphincter oft 
fornix, contract at the same time 4S : 
sphincter of the calices relaxes. Urine is! 
expelled into the renal pelvis. Not all ! 
calices contract simultaneously. Any pa 
are pathologically dilated are rigid and P 
no part in the emptying process. The Ory 
sion of urine from the pelvis takes place ©’ 
after the latter has been filled to a cer?” 
degree. The urine is quickly discharge oa 
alternate closure of the pelvic and cali 
sphincters. An elastic network in the me i 
of the muscle fibers facilitates antago" - 
action of the corresponding muscle gtOUP:’ 
These functions can be observed radi0 mas 
cally after administration of a cont ; 
medium which is excreted by the kidney*: 
by retrograde pyelography. ., 
t C 


Vessels and nerves. The blood vessels of els: 
renal pelvis are branches of the renal ves, 
but the pelvic circulation is essentially " ql 
pendent of the renal circulation. The f° 4. 
pelvis has sensory innervation and its d!S 
sion is painful. 
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Ureter 


The ureter Al is shaped like a slightly 
flattened tube 4—7mm diameter. Its 
length varies, being about 30cm in the 
male and about lcm shorter in the 
female. The slitlike lumen of the ureter 
has a stellate appearance because its mu- 
cosa is folded longitudinally. The two 
ureters penetrate the wall of the urinary 
bladder at its fundus, 4—Scm apart from 
each other, obliquely from lateral, be- 
hind and above toward the anterior, me- 
diai and below, They run for 2cm in the 
bladder wall and end in a slit, the ostium 


ureteris A2, For Opening and closure of 
the ostium see p. 270. 


Fine structure. The mucosa has a transi- 
onal epithelium B3 (see p. 270) and its 
connective tissue permits limited move- 
ment of the mucosa. The muscle layer is 
Interlaced with connective tissue fibers. 
Cross-sections of the ureter show in its 
Upper part a sparse inner longitudinal and 
a thick outer circular muscle layer B4, 
joined in the lower Part by an outermost 


longitudinal muscle layer. The different 


layers are formed by variation in the 
angle at whi 


ch the spiral muscle bundles 
are arranged. The loose areolar tissue in 
Which the ureter is Situated allows some 
Movement of it within its surroundings, 


Transport of urine, 
urine through the y 


tion of a dye (e-g., methylene blue) that is 
e 


the ureter muscles 
the obstacle quick] mace 


y hypertrophy. Dur; 
Pregnancy the ureter dilates ani iietes™ 





A5. The left ureter passes beneath the 
pelvic colon. The pelvic portion: u 
ureter crosses beneath the ductus dele 
rens in the male and beneath the ura 
artery in the female. It is pera 
through the anterior wall of the be ae ‘ 
importance in ureteric calculi). ee 
siological constrictions of the weer 
found where it leaves the renal pelvis 4°: 
where it crosses the iliac vessels A7 2” , 
where it enters the bladder A2 an 
impaction of ureteric calculi). In the fe 
born and in babies the ureter 1S 9 
tortuous. A8 Urethra. 


Nerves and vessels. The blood vessels ame 
lymphatics of the ureter arise from ea 
in its neighborhood. The ureter has 
sory innervation. 


in 
Variants: Duplication of the ureter eae 7 
about 2% of the population, partial Mt otal 
tion being 3 times more frequent tha  retel 
duplication. Total duplication, 1. oe at 
duplex (double ureter), is the resu recut 
primary duplication of the primitive aoe 
sor, and partial duplication, split ur sae 
due to early division of the ureteric 4 that 
In a case of double ureter, the urete ate 
arises at the higher level in the pelvis oe i 
the bladder at a lower level (dystopi¢ elvis 
ing) than one that arises lower in _ dis- 
(Mayer-Weigert rule). The mane ’ 
placements of the ureteric orifices a 
found: in the male — in the peng me 
vesicles, ejaculatory duct, ductus . ae 
and in the prostatic utricle; in the fem "ei 
the urethra, vestibule of the vagina, ¥ A of 
uterus or in Gartner’s duct. In a oeuallY 
“megaureter” the entire ureter 1s U 
dilated, thick walled and tortuous. 
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Urinary Bladder 


The urinary bladder (vesica urinaria) in 
the adult lies in the lesser pelvis beneath 
the peritoneum, in the subperitoneal con- 
nective tissue space behind the pubic 
bones Al. In the newborn the bladder 
lies higher than the pubic bones. The 
body (corpus vesicae) of the bladder tap- 
ers upward toward the front into its ver- 
tex, the apex of the bladder; the fundus 
vesicae (base) of the bladder lies pos- 
teriorly. The median umbilical ligament 
ABC2 ascends from the vertex to the 
umbilicus; it is the remnant of the embry- 
onic urachus; the lateral umbilical liga- 
ments B3, the remnants of the obliterated 
umbilical arteries, ascend from the body 
of the bladder to the umbilicus. Both 
ureters BC4 enter the bladder at its base 
and the urethra leaves it from there C5, 

© vertex and the upper wall of an 
empty bladder collapse giving it a cuplike 
appearance. When the bladder is full the 
vertex and the upper wall are elevated 
and form a flat oval cushion, which may 
extend above the upper rim of the pubic 
sympysis. Only during contraction of the 
bladder muscles, when it is emptied by 
micturition, does it assume a globular 
Shape. When the bladder contains about 
350ml or more of urine the urge to uri- 
nate is felt, but 700 ml or more of urine 
can be voluntarily retained. In a case of 


paralysis of the bladder its Capacity may 
€ much greater. 


The peritoneum covers 
the vertex to about 


Pa@racystium (see P. 315) which contains 


vessels and nerves. 





AB7 Ductus deferens, AC8 prostate, B9 
inferior epigastric artery, B10 femora 
nerve, B11 external iliac artery and ye 
B 12 iliopsoas muscle, B13 cut edge oft 
peritoneum, B14 seminal vesicle. 


Internal surface. The mucosa in life is son 
and reddish, and two areas can be i 
guished. At the base (fundus) bet 
the orifices of the ureters BC4 and Fi 
exit of the urethra A15, C5 lies . 
trigone of the bladder (trigonum ves 
C16. The transverse ureteral ridge, 
interureteric fold C17, connects ae 
openings of the ureters. The lower, a i 
er angle of the triangle protrudes as re 
uvula vesicae C5 from behind into 7 
inner mouth of the urethra, which 
narrowed by a surrounding ring, ar 
ternal ostium of the urethra. Venous P fo 
uses here form a compressible pa ; 
closure of the opening. The trigone a ‘ 
bladder has no folds and is marke al 
blood vessels. The rest of the interior oe 
has folds which protrude into the Lage 
of the contracted bladder A18. If f 
urethra is narrowed, ¢.g., hypertrophy _ 
the prostate with advancing years Seat 
284), these folds project like age) 
because of hypertrophy of the — 4 
muscles due to overwork (trabecula 
bladder). C19 Colliculus seminalis. 


‘Hed 
Blood vessels. The arteries are descr a 
on p. 70. The superior vesical 7 
Originates from the umbilical artery 
distal part of which becomes emcee 
after birth and forms the lateral umb! : 
ligament. The veins form a promi ne 
network A20 under the bladder. ide 
lymphatics run to lymph nodes ou ae 
the umbilical artery and in the preve Ae 
connective tissue. The nerves are ind 
scribed in Vol. 3. For the female ve 
see p. 306, for the male urethra see p- 
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15 18 A Sagittal section through urinary 
bladder in male 





SS 


TD WN 
CICS SN 








‘ 
oa v 3,2 al 
SQ = they 
SY ake“ , 












! 
yn fi 






| 


X\ 
4 





UL 






=n 


wu FN 
a, ro Vien ) 
r wees lt , 
ior 
B Urinary bladder and anterio 


t /3 abdominal wall 


> a« Lifts . 
oy Stee 
“ts Ze a ly ~ 
} WO FG 45.5 
f 


ty 
Na eas YP stom yay 

Sey ill me OF 
2g. 











Ss is 


— 


=i LI I' AA IN RI ASST SS 
ft / * 





h urinary 
tal section throug 
° badder in male showing 


trigone of the bladder 











270 Urinary Organs 


Fine Structure of the Bladder 


The muscles of the bladder wall with the 
exception of the trigone have a reticular 
Structure, outer bundles run ventrally 
from the neck of the bladder and from the 
pubovesical muscle over the pos- 
terosuperior wall to the vertex of the 
bladder. From there muscle bundles pass 
into the median umbilical ligament and 
the prostate, or to the anterior wall of the 
vagina and the rectum. The outer muscle 
bundles A1 radiate into the middle layer 
of more circular muscle fibers. From 
there arise the inner longitudinal muscle 
bundles, which produce the corrugated 
inner surface of the bladder. As the blad- 
der fills, muscles that Originally had little 
tone become Stretched; if the bladder 
muscles are paralyzed, hernia-like bulges 
may develop on its wall. During micturi- 


der becomes rounded in shape. A2 Duc- 


tus deferens, AB3 ureter, Ad seminal 
vesicle, A5 prostate. 


by muscle loops B6 
longitudinal Muscles 


Opening of the urethra: m 





can draw it backward. In addition, fascl- 
cles of the pubovesical muscle, which are 
inserted in the anterior wall of the urethr 
as well as the fascicles of the retrovesica 
muscle B10, which radiates into the pos 
terior wall, also participate in opening the 
outlet of the bladder. The voluntary 
sphincter muscle consists of muscle fibers 
that have separated from the deep i 
verse perineal muscle B11, and as Fe. 
muscle of the urethral sphincter they SU 
round the urethra with ascending, sp!t@ 

ling slings. The levator ani muscle "i 
may also take part in closure of Ff 
urethra. B13 Pubic bone, B14 puboc? 

cygeal muscle, B15 rectum, B16 coccy*: 


Muscles of the trigone and the opening of 
the ureter. Along its lower third, ! E 
ureter is accompanied by an outer ne 
layer C17, the ureteric sheath, Wi. 
forms a loop surrounding the mout . 
the ureter. If the muscle bundles aa 
shortened, e.g., by a stretch stimulus ia 
to accumulated urine, the orifice 15 i. 
vated and opened — opening loop. nae 
lar slings C18 run between the 2 wah 
orifices and pull them downward to ¢ 
them — closure loop. 


The uppermost layer of cells has a nee 
outer layer as a protection against ur Ba 
There are mucous glands at the mo 
opening of the urethra. The mucosa wi 
the trigone is firmly adherent to the an ; 
cle layer but elsewhere it is only 100 


attached to the muscles. 
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B Bladder orifice and muscles 


ureters: 


opening loop 


f closing loop 
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Genital Organs 


Specific differentiation of the genital organs 
is an indispensable precondition for the pro- 
duction of germ cells (Ova and sper- 
matozoa), their union and for care of the 
developing embryo. The genital organs com- 
prise the gonads which produce the germ 
cells and sex hormones, the genital tract 
through which the sex cells are transported, 
the sex glands whose secretions facilitate 
union of the sex cells, and the external 
8enitalia necessary for sexual union. 


Development. The male and female sex 
organs originate from the same undif- 
ferentiated embryonal anlage. The ear- 
liest (primordial) precursor of the inter- 
nal genital organs are the genital ridges 
Al on the medial side of the mesone- 
phros. Early embryonic germ cells migrate 
into the genital ridges, where they multi- 
ply in the cortical zone in the case of the 
Ovary C2, or the central area in the case 
of the testis B3. Two 


ducts, the Wolffian duct (mesonephric 


Male 


duct B15. The Miillerian ducts atone 
into the appendix testis B16 and A 
prostatic utricle B17. The gubernacu j 
cord A18& develops into the gube 
naculum testis B19, or into the ove 
ligament C20 and the round ligament 
the uterus C21. The anlage A 22 of aA 
per’s glands (bulbourethral glands) a 
and of Bartholin’s glands (glandula \ 
tibularis major) C24. 


The anlage of the external genitalia oe 
prises the genital tubercle D 25, two i mn 
tal folds D26 and two genital ridges (the 
and also the urogenital sinus D28 a 
anterior part of the cloaca). In the oe 
the corpora cavernosa penis E29 wile: 
from the genital tubercle, and the gé ee: 
folds close over the urogenital si 
form the corpus spongiosum (CO jae 
cavernosum urethrae) and the glans Fle 
E30. Shortly before birth the oer has 
descend into the scrotum E31 whic al 
been formed by fusion of the 2 ae 
swellings. The orifice of the com ‘hr? 
Miillerian ducts is hidden in the aa ; 
(rectangle around in B; see en ie 
seminalis p. 284). In the fema “A a 
clitoris and the glans clitoridis Aarti 
velop from the genital tubercle. ae Bi 
minora F33 and the bulbus vestibu sil 
velop from the genital folds which EGE 
separated. The labia majora F34 tt i 
from the genital ridges. The apertu 
the combined Miillerian ducts lies 10 
vagina (rectangle at the bottom of C). 4 
Gonad formation. In both sexes, two tY Pe 
of cells meet in the gonadal anlage we 
three-week-old embryo to form the a an 
the primordial germ cells (gang om 
epithelial cells of the body cavity ( porate 
epithelia). The two types Cornett 
throughout life; in the ovary, they ‘niculat 
as the cells of oogenesis and as fo “lls of 
epithelial cells, and in the testis as ce cells 
spermatogenesis and as supporting 
(Sertoli cells). 


Undifferented Anlage Female 


seminal ducts 
Prostatic utricle 


COrpus Cavernosum penis 


enital tuber 
scrotum é cle 


Lenital ridges 





anlage of the gonads Ovary 
mesonephric ( Wolffian) duct 
Miillerian duct 


(Gartner’s duct) _ 
uterine tubes, vagina, 
uterus 
. = S 
clitoris, glans clitoridi 
labia majora 
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Male Genital Organs 


The internal male genital organs are the 
testis and epididymis, the ductus defer- 
ens, and the prostate. The external male 
genital organs consist of the penis and 
scrotum. 


Descent of the testis. The testes (testi- 
cles), the male gonads (reproductive 
glands), descend at the end of fetal de- 
velopment under the guidance of the 
gubernaculum testis into the scrotum. 
Thus they escape the intra-abdominal 
temperature which is 2—5°C higher than 
that in the scrotum. The higher tempera- 
ture would suppress formation of sperm 
(spermatozoa), although it would not in- 
terfere with the Production of the hor- 
mones. The testes normally reach the 
external (subcutaneous) inguinal ring at 
the beginning of the 8th month of preg- 
hancy and lie in the scrotum by the begin- 
ning of the 9th month (maturation times 
of the newborn). Descent of the testis 
Proceeds along the Posterior wall, the 
Processus vaginalis Peritonei, of a 
Peritoneal evagination Which reaches 


into the scrotum and forms a Cavity 
around the testicle. 


the abdominal Cavity 
ated, 


Overview. The testis A1 produces sperm 
and sex hormones, The spermatozoa mi- 
grate via narr 


epididymis A2 


corpus 
urinary 


cavernosum 
bladder. 


All 





Testis and Epididymis 

Both testes are suspended in the scrotu® 
by a fibrovascular stalk, the spermaltt 
cord, which leaves the inguinal caf 
through the external inguinal ring BY 
The left testicle often hangs lower ri 
the right. The scrotum serves to regu 
the temperature of the testes. Its on 
from the 2 genital ridges is indicated Ne 
midline seam, the raphe of the scrotll 
B13. 


The mature testis is approximately pn 
shaped, 4—5.5cm long. It is of firm - 4 
sistency and in its usual position my 
Scrotum, a broad margin points tow?” 
the back and a narrower one points !° 
ward. In the testis we distinguish an gi 
per and lower pole and medial and oa : 
surfaces. At the posterior border, ah 
mediastinum of the testis, blood vess 
C15, nerves and the ductus deferens 4 
enter and leave the epididymis with 
spermatic cord C14 (see p. 282). 


e 
The epididymis AC2 is attached 0 
testis like a tail. It consists of a 1 
(caput) that lies above the upper p° ai 
the testicle, of a body (corpus) and 4 
the cauda epididymis. 


; stis: 
The serous membrane covering the t€°" 


the tunica vaginalis testis, is a remnan 
the fetal processus vaginalis peri'e th 
and covers the testis and epididymis 6): 
its visceral layer (the epiorchium F 
This is reflected at the mediastinum 9 
testis and at the epididymis ont0 
parietal layer (periorchium) C17: ally 
visceral layer forms a groove late! . 
the testicular borsa C18, betwee? ; 
testis and the epididymis. The two in 
enclose the serous scrotal sac, the C4 
scroti. 


the 
At the head of the epididymis and 4" 7 
upper pole of the testis there ae ote af 
small vesicles, the hydatids. The hy¢@ vest 
the testis, called the appendix of the.» 


he 
¢ 


C19, is a remnant of the Miillerian duct | af 


hydatid of the epididymis, the appen po 
the epididymis C20, is a remnant the 
mesonephros. C21 Section cut throug 
coats of the testis. 
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A Survey of male genital organs 
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Fine Structure of the Testis 


The testis is tightly enveloped by a ca. 1- 
mm thick, whitish, connective tissue cap- 
Sule, the tunica albuginea A1. Connec- 
tive tissue Septae (septula testis) radiate 
from the capsule toward the mediastinum 
of the testis and subdivide the tissue of 
the testicle into 200—300 lobules (lobuli 
testis). Each lobule contains several con- 
voluted seminiferous tubules (tubulj 
seminiferi contorti) B2. Each tubule in 
the (sexually) mature testis is 
140—300 um thick, and if it were 
Stretched out, 30—60cm long. The 
tubules lead into the rere festis B3 in the 
mediastinum testis with straight endings, 
tubuli recti. It consists of interconnected 
slitlike ducts from which the efferent duc- 
tules B4 conduct the sperm (sper- 
matozoa) to the ducr of the epididymis 
BS. The latter merges into the ductus 
deferens B6. B7 Paradidymis, B8 an 
aberrant duct. Compare A with B. 


Each convoluted seminiferous tubule in 
the mature testis contains a lumen. The 
tubules are Separated from the surround- 
Ng connective tissue bya (hyaline) basal 
membrane C9 and have a multilayered 
wall. The “germinal epithelium” in them 
produces Spermatozoa. The hormone- 
Producing interstitia] cells are situated in 
the connective tissue between the tubules 
(see p. 278). 

The cells linin 


& the walls of the tubules are 
of two mai 


ain types. Sertoli’s cells D10 
(supporting cells) are recognizable by 
their nuclei, which contain little chroma- 
tin and a large nucleolus. 

Sertoli cells are u 


Compartment, the Primary spermato- 
cytes develop antigenic Characteristics 
ut are protected fro 
= _ blood-testis-barr; 


la Of which the Spermatozoa ma- 





The Sertoli cells are central to the ete 
of spermatogenesis. They produce 
blood-testis barter and the seminal fluid, 
well as “androgen-binding protein,” ¥! 
which they bring testosterone produce 
the interstitia into the compartment @ 
have created. Finally, they produce inht! 
which arrests the processes to the req ‘roo 
degree. Inhibin inhibits FSH release a 
the adenohypophysis and thus plays a0 : 
sential part in the regulation of SP 
matogenesis. 


Spermatogenesis commences at sah 
and proceeds in 3 periods (or steP 
during which the cells migrate urs ihe 
periphery toward the center 0 
tubule. 


1. The multiplication period Pi 
matogonia D11. Type A spemne er 
are stem cells, which either rest OF ; 
more stem cells by mitosis. Thes¢ 4 
distinct from type B spermatogor 
which are more developed (sever hy 
cleoli) and continue to divide sil 
and produce spermatocytes I (pt bet 
spermatocytes). These and all ae r 
quent cells remain linked by cytoP 
bridges. 


o” 
2. Period of maturation. The sperm A 
cyte f D12, after duplication of its 
(= 4n DNA), enters the various pelt Fi 
the prophase of the first meiotic abe e 
(meiosis, see p. 318), which lasts 4 
three weeks (largest cells of the germ’, . 
epithelium). During the first meiott¢ 
sion, two smaller spermatocytes Il NA 
(secondary spermatocytes, 2n “ofl 
each) arise. At the end of the one 
meiotic division, and without pre , 
DNA duplication, mitosis qe (in 
duces four (haploid) spermatids D nal 
DNA each) from these. These are S # 
dense cells, two of which contain 2" ., 
chromosome, while the other two ue at 
a Y chromosome. They lie in cluste! 
the tips of the Sertoli cells. 


he 
The steps of spermatogenesis follow 4 
course of the testicular tubules, sees of 
temporal arrangement so that ste it? 
equal maturity are arranged in a les 
fashion around the walls of the tubU" 


D15 Spermatocyte. Maturation div!s 
see p. 318. 
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3. Period of differentiation (“sper- 
miogenesis”) (multiplication and matura- 
tion period, see p. 276). The spermatids 
lose their intercellular cytoplasmic 
bridges and are transformed into sper- 
matozoa (sperm), which are a transport- 
able form of sperm cells able to reach the 
ovum and to penetrate it. The most im- 
portant structural changes are the forma- 
tion of the acrosome (a modified Golgi 
apparatus with lysosomes) condensation 
of the cell nucleus and formation of the 
fail. The sperm tails stand out in the 
lumen of the seminiferous tubule. The 
spermatozoa that are released finally pass 
through the rete testis, the first part of the 
efferent pathway in the testis, into the 
epididymis. Residual bodies B1, the cy- 
toplasm which the spermatozoa no longer 
require, remain in the Sertoli cells. 


A sexually mature testis contains about 1000 
million spermatogonia and can produce 
about 200 million spermatozoa per day. 


Sperm (spermatozoon). The spermato- 
zoon is about 60 um long and consists of 
the following parts. 1. The head BC2 
contains the haploid cell nucleus. It is 
3-5 um long and appears Oval ina frontal 
view, and pear-shaped from the side. Its 
pointed part carries a cap, the acrosome 
C3. 2. The neck BC4 is a short connec- 
tion between the head and the middle 
section and the following parts are joined 
flexibly to the head. The fibrils of the tail 
Originate in the neck. 3. The relatively 
thick middle section BCS is about 6um 
long and contains the cilium around 
Which the “ 
The following main section BC6, the 
longest part of the tail, is thinner than the 


middle section. 5. The terminal partis the 
thinnest part of the tail. 


The entire spermatozoon is surrounded bya 
plasmalemma. The acrosome is formed from 


the lamellae of the Golgi apparatus and 


contains, amongst other things, hyaluroni- 
dase with which to penetrate the membrane 
of the ovum. The neck is connected to the 
cell nucleus by a “basal plate” and contains 
the proximal centriole, which js ready to 
form the division spindle after penetration 
of the sperm into the Ovum. The axis of the 
middle section js formed from a “OxX2+2” 


Spiral thread” js wound, 4. - 


structure of tubules like a cilium which arses 
from the distal centriole. Externally, ‘h 
tubules are surrounded by 9 thicker af 
Wider, so-called “external fibrils” aroun 
which the mitochondria are densely pace 
(“spiral fibrils”). In the main section, gt 
cilium is surrounded by a “fiber sheath 
two longitudinal “bands”, which are ie 
together by “circular fibers”. The term! 
part only contains cilia. 


Interstitial cells ( Leydig’s interstitial on 
lic as hormone producers around a 
blood vessels D7 in groups D8 betwee 
the seminiferous tubules. LH and F 
(ICSH) from the adenohypophysis sum " 
late the formation of gonodal horney 
and sperm cells. LH causes the Le 
cells to produce the androgens (tes! a 
terone) that stimulate sperm-cell for” 
tion (estrogens are also produced in 7 
amounts). FSH stimulates the ee: 
cells to secrete the “androgen-binel™ 
protein”, which brings about ange 
transport into the seminal fluid and a, 
leads to the differentiation of spermall is 
favorably influenced by the diffuse the 
tribution of the Leydig cell groups. A! on 
same time, FSH triggers LH receptor ij 
Leydig cells (counterregulation by ni 
bin, see p. 276). Under the influence © 
the androgens, the primary and sec" 
ary sexual characteristics also mature: 
Age differences. The testis grows throug” 
out childhood and it only reaches ful 30 
velopment between the age of 20 weer 
years. It shrinks again with advancing Y¢ ue 
The testis of the newborn is under the nine 
ence of placental hormones for a short rial 
and contains strongly developed inters 4 
cells. However, they disappear quickly sild- 
do not reappear until puberty. During © actis 
hood the “seminiferous tubules” of the els 
are represented by cords of epithelial calls 
without a lumen. They contain Sertoli C. 
and stem cells of spermatogonia. su’ 
Matogenesis commencesat puberty ane oq’ 
ally continues into old age. Both the alls 
niferous epithelium and the interstitial © d 
can be reduced by malnutrition, disease ‘ 
advancing age. 


A: RT I= lst maturation division 
RT II = 2nd maturation division 
(see p. 318), 
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Fine Structure of the Epididymis 


The epididymis consists of a system of 
ductules surrounded by connective tis- 
sue. The spermatozoa arrive there via the 
rete testis Ab, which still lies in the testis, 
in 10-20 efferent ductules (ductuli ef- 
ferentes) Ac, which make up the greater 
part of the head of the epididymis Al. 
Each efferent ductule is about 20cm long 
and is convoluted to form a small conical 
body, the lobule of the epididymis, some 
2cm high. Its apex begins at the rete testis 
and at its base the efferent ductule opens 


into the duct of the epididymis Ad, 


This duct is about Sm long and is also 


€n widens from 


idymis continues 
Ae. Spermatozoa 
lin the testicle and 
mis in a stream of 


The position of the sec- 
gh the system of ducts is 


and the OW Squamous epit = 
sorb fluid. The wal Pithelia can ab- 


midis D contain 


“Stereocilia”, 
€SS€s which are a sign of 





Ductus Deferens 


The ductus deferens is a continuation of 
the ductus epididymidis and serves a 
transport of spermatozoa. It is mh: 
long and runs with blood vessels r 
nerves in the spermatic cord through Fe 
inguinal canal (see p. 282). It dit 
towards it spindle-shaped end into i 
ampulla of the ductus deferens wich ta j 
in the ostium of the seminal vesicle. 
continues into the ejaculatory duct whic 
pierces the prostate (see p. 284). 


Fine structure. Although the ou 
diameter of the ductus deferens f 
3.0-3.5mm, its actual lumen is oa 
0.5mm wide. It has a strong muscle : 
and feels as hard as cartilage. The me 
fibers run in spirals which follow ell : 
left of righthand turns. Their cit 
gradient changes but is more longitu i 
in the external muscle layer E4, i 
circular in the middle layer E5, and - é, 
more longitudinal in the internal 2 
E6. A cross-section, therefore, sea 
triple-layered muscle wall. Suction é a 
pressure mechanisms are assumed ae 
a part in the quick passage of ae ‘oft 
matozoa. The thin mucosa has 3— a 
gitudinal folds. It is covered by a E 
columnar, double-layered 5 lego 
which still carries “stereocilia’ Pia) 
origin. A connective-tissue advent! ‘ 
formed. The muscle layer in the oer 
becomes thinner, the mucosa omit 
reticular pattern of small folds an 
niches appear. 
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Spermatic Cord, Scrotum and the 
Coverings of the Testis 


Spermatic cord, vessels and nerves of the 
testis. As the testis descends through the 
inguinal canal into the Scrotum it draws 
all the structures of the spermatic cord 
behind it. The testicular arteries A.1 origi- 
nate from the aorta A2 below the renal 
arteries; the right testicular vein A3 
drains into the inferior vena cava A 4, and 
the left into the left renal vein AS, The 
testicular veins form a very marked, ex- 
tended venous plexus, the Pampiniform 
plexus. Congestion of the plexus may 
result in varicose dilatations. The lym- 
Phatics of the testis drain into lumbar 
lymph nods on the inferior vena cava and 
the abdominal aorta. Vegetative nerves 
come from the celiac plexus (see Vol. 3). 


tures, including the cremaster muscle and 
Its connective tissue, surrounds the duc- 
tus deferens A—D6 and is called the 


Scrotum and coverings of the testes. The 
layers of the abdominal wall take part in 
the formation o 


coverings of the 
(scrotal) layer is 


into a layer of the abdominal wall, 


Inner layer (peritoneum 
8inalis testis C19 (epiorchium, perior- 
chium, See p. 274) is derived from the 
Peritoneum B11 and surrounds the se- 


TOUS Cavity of the Scrotum B12. A band- 
like remnant B13 


). The tunica va- 


» the vestigium proces- 
indicates its 


lly, this connection, 
the Peritoneum, 


rotum = congenital in- 
. The Cavity of the 


ment of the scrotum — hydrocele. 


(muscles and fascia of the 
ernal spermatic 


abdominal wall). The ing 





fascia CD15, an evagination of the Bi 
verse fascia B14 of the abdominal wid 
lies on top of the tunica vaginalis be 
The fascia is covered by the crenie 5 
muscle CD 16a thin, striated muscle, sie 
arises from the internal oblique ant . 
que transverse abdominal muscles ai 
The cremaster, which suspends the iz 
cle like a sling, can elevate It durit 
voluntarily or by reflex CO ee 
ejaculation. The cremaster is erie: : 
by the cremasteric fascia CD 18 “ast 
covered by the external spermatic i 
C19, which is connected a ; 
aponcurosis of the external, obliq 
dominal muscle B20. 


HE 
BC Outer layer (skin of the abdomer 
The skin of the scrotum C21 isa mai . 
tion of the skin of the abdomen B pe: 
thin, pigmented and contains nies fori 
glands and hairs with follicles . ube 
small elevations. Instead of fat, wel 4 
Culaneous connective tissue oti 
layer of smooth muscle cells, the “ers 
dartos. This is connected by elastic oous 
to the adventitia of the subcutat’ io 
blood vessels. During reflex contra 
of the dartos, the skin of the a 
becomes wrinkled, its surface ae 
minishes and the blood vessels get “hed 
together. Loss of heat is thus See 
On the other hand, if the dartos is ‘al kil 
more heat is given off. The scrotal ’".. 
and the dartos form the Scrat fal 
divided by a fibrous partition, ae one 
septum C23, into 2 compartment: 
for each testis. 


otul 


coy ink ed 
B24 Site of the internal inguinal niaymis 
inferior epigastric artery, BC 26 epidi©) 
BC27 testis. 





| 
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Seminal Vesicles 


The seminal vesicle Al is a 5—10cm 
long, baglike, convoluted S-shaped 
gland. Its alkaline secretion (pH 7.29) 
which together with the prostatic fluid, 
constitutes the bulk of the semen (semi- 
nal fluid) contains fructose from which 
the spermatozoa derive their energy. The 
seminal vesicle opens into the ductus 
deferens AE2 shortly before the latter 
enters the prostate A3. 


Fine structure. The thin wall contains 
some muscle fibers, and the mucosa is 
subdivided into chambers and niches by 
primary, secondary, and tertiary folds, 
which in section produce a picture of 
mucous membrane bridges. 


Prostate 


The prostate A3 produces a thin, 
Opaque, weakly acidic secretion (pH 
6.45) which contains among other mate- 
rials proteases (liquefaction of the ejacu- 
late), citric acid (buffer effect), spermine 
and spermidine (influencing the fertility 
of the spermatozoa), and prostaglandins 
(stimulating the uterus). The prostate 
resembles a chestnut in shape and size. It 
lies between the base of the bladder 
ACE4 and the deep transverse perineal 
muscle CE5, 1—1.5cm behind the pubic 
symphysis and in front of the rectum from 
which it is palpable. The prostate is perfo- 
rated by the prostatic part of the urethra 


CDE6 and by the two ejaculatory ducts 
ACD7. 


Fine structure. The prostate consists of 
about 40 discrete tubuloalveolar glands 
F8 which end, partly jointly, in about 15 
little Openings into the urethra around 
the seminal colliculus. The dorsal part of 
the prostate E9 comprises a right and a 
left lobe. The anterior part of the prostate 
DE 10, in front of the urethra, is an 
isthmus with Only a few glands. From a 
functional and histogenetic point of view, 
three concentric zones surrounding the 
urethra can be described (marked in red 
in C, D, and E): the periurethral zone is 
Part of the urethral mucosa. The next, 





internal zone is submucosa. The external 
zone, the real body of the gland, follows. 


The depth of the pseudostratified colum- 
nar epithelium reflects secretory activily, 
which, like growth, is stimulated by tes- 
tosterone. The cause of prostatic hyper 
trophy in the elderly (enlargement of the 
periurethral zone and internal zone) '§ 
now thought to be a decreasing ability t 
break down superfluous androgens. 


In the lumen one commonly finds 1-mm 
size “prostatic” calculi F11, i. c., inspis- 
sated glandular secretion. Strong smooth 
muscle bundles run between the separate 
glands as well as around the entire orga”: 
The surface of the prostate is envelope 
by connective tissue and is covered by 
visceral fascia. Between the two coats lies 
a strongly developed periprostatic venows 
plexus. 


Al2 Peritoneum, A13 ureter, ACEL 
membranous part of the urethra, ACE sf 
bulbourethral gland, AC16 cavernous oop 
tion of the urethra, CE17 internal openiné 
of the urethra, CDE 18 prostatic utricle. 


Semen 


Semen has a pH of about 7.19, It consis” 
mainly of the secretions of the prosta! 
(initial fraction), of the epididymis wil 
spermatozoa (principal fraction), and “ 
the seminal vesicle (final fraction). jae 
volume of the ejaculate after a five-day 
waiting period is about 5 ml, with a ae 
matozoa content of about 40 million sw 
milliliter, of which about 30% are 10? 
motile (normospermia). 


The alkaline milieu of the fluid protect 
the spermatozoa from the acidity (aber 
PH 4) of the vagina. The cervical mu 
and the upper region of the female gen” 
tract are alkaline. The spermatozoa pee™ 
the ampulla of the uterine tubes with! 

1—3 hours. 


A severe deficiency in spermatozoa 1S ee 
sent at levels of less than 20 million SP i 
matozoa/ml. Azoospermia is the comp - 
absence of spermatozoa. After repear 
ejaculations the number of spermatoz” 
quickly drops. 10-20% of the spermatoZ0” 
G are always underdeveloped, over-age 
deformed. 


| 
| 
| 
| 
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B Histologic section through 
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Penis 


The root of the penis, covered by muscles 
and skin, is fixed to the undersurface of 
the urogenital diaphragm (deep trans- 
verse perineal muscle ABC1 with its in- 
ferior fascias) and to the sides of the pubic 
arch AB2. The movable shaft of the penis 
protrudes from beneath the pubic sym- 
physis C3. We distinguish further the 
dorsum of the penis C4 and the glans 
penis ABCS., The urethra ends in a slit- 
like orifice at the apex of the glans. The 
blunt edge at the base of the glans, the 
corona of the glans penis AB 6, is sepa- 
rated from the shaft of the penis by a 
groove. The penis is covered by a thin 
skin which can slide across the shaft but is 
firmly attached to the glans. A reflection 
Oi the skin of the shaft (a “reserve fold”), 
the prepuce or foreskin C7, folds over the 
glans. At its undersurface it is tightly 
connected to the glans by the frenulum of 
the prepuce A&. The sebum of the pre- 
puce, the smegma, consists of cells shed 
from the Stratified, nonkeratinized 
Squamous epithelium of the glans and 
from the inner leaf of the foreskin. 


Fusion between the foreskin and the glans is 
normal in the newborn, and in 20% of 2 
yearolds the foreskin cannot be retracted. 
This conglutination disappears naturally 
during infancy, Abnormal tightness of the 
foreskin, Phimosis, May need surgical inter- 
vention (circumcision). 


The penis has 2 erectile 
COrpuS Cavernosum penis ABC9 which 


by a tough, slightly elastic. 1—3 mm thick 
funica albuginea, 


ra cavernosa are covered by the fascia 
Penis. : 


The corpus cavernosum penis arises as 
nted crura B12 from the descend- 


the Ischio-cavernous muscle A 13 which, 
oluntarily, can direct 





blood from the crus into the shaft of the 
penis. The two crura unite beneath Fs 
symphysis into one unpaired body. 
pointed end B14 extends under the oe 
like corona of the glans penis. Along! 
undersurface of the corpus cavernost 
penis runs a longitudinal groove In we 
the corpus spongiosum penis is em ied 
ded. In the midline of the corpus on, 
nosum penis along its entire length oa 
incomplete fibrous partition, the aie 
penis C9. Subfascial and epifascia 
sels and nerves, see p. 288. . 
The corpus spongiosum penis K 
12—15cm long and commences ane : 
the deep transverse perineal muscle ni 
swelling, the urethral bulb BC15. ‘i 
urethral bulb is covered by the je i 
spongiosus muscle A16, which hee - 
squeeze out the contents of the mone 
The pars spongiosa of the urethra & ; 
the bulb about 1cm from its end. 
urethra throughout its course is ene 
by the corpus spongiosum penis (©? 
cavernosum urethrac). 


Bulbourethral glands (Cowper’s glands) 
These two pea-sized glands lic in the | 
transversus perinei muscle, and NOY ate 
a centimeter-long duct, into the tht 
segment of the pars spongiosa oi 
The branching tubuloalveolar ™ ‘Aine 
glands produce a stringy, weakly a!** 
secretion. 


The seminal vesicle C17 is attache ; 
back of the urinary bladder CIP» ie 
prostate C19 lies over the deep von 
perineal muscle ABC1. The recto level 
fossa C20 usually extends below the 7, 
of the transverse fold of the rectum ( vt 
rausch’s fold) C21. Each nyioee 1as 
gland (Cowper's glands) ABC2 sf the 
long excretory duct that opens =" 
urethra. C23 Epididymis, C24 tes 
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Fine Structure of the Penis Male Urethra 


The corpus cavernosum penis ABC1lisa The male urethra is 20—25cm long and 
porous framework of collagenous and has alternate narrowings and dilatations. 
elastic fibers and smooth muscle lined The narrow first part with the intern 
with endothelium. The cavities within it opening of the urethra lies entirely within 
are slitlike when empty, they become the bladder wall. The wide prostatic pa”! 
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several millimeters wide when engorged (see p. 284) is 3—Scm long and has ® 3} 8 
with blood and the deep artery ofthepenis diameter of about 1cm. The fusifor™ a ah 
A2 runs right through the center of the seminal colliculus, 2cm long, containin® = Nk ; 
spongy substance at each side of the the openings of the ejaculatory ducts, ' = + SE 
septum. Its arterial branches, the helicine the continuation of the uvula vesicae- 2 t } 
arteries, are closed at the end by intima There are grooves on each side into whic = ays Tit 
pads. The veins from the cavernous mar- ope + the glands of the prostate. ) is I a 
gins penetrate the tunica albuginea A3to nar swest part (pars membranacea . 7 wiethie = : 
drain the blood into subfascial and epifas- — sui;.. :nded by the deep, transvers ; thess-section through Oritice Pe Nile au htt 
cial veins. There are also arteriovenous _perjacu] muscle (a voluntary sphinci Shaft of the penis _— age) 
anastomoses. about 2cm from the pubic A Ac Le . hh 
; -1. 16 13 cone 
The vascular spaces in the bulb of the !/Cumference rd normally - spo “ i | r =| 
corpus spongiosum A 4 resemble those in but it can be passively nue a as = . Se ¥ 
the corpus cavernosum penis. In the shaft ee uke CS begins b clow the wer , diate, — ne 
and in the glans of the penis are venous ilatation into which the ioe d) pp “ Lt 
networks which, when engorged with bourethral gland (Cowper's glan ces i <i 
opens on both sides. This gland pro¢U MY (= Fer. 
blood, produce a swelling soft enough to hao & Jans ort AN\— _ ph 
let the semen pass through the urethra @ Stringy, alkaline secretion. cone fost ‘Pa hye 
ACS. A6 Fascia of the penis, A7 skin of | Penis contains the wide, 2cm lon8/. 4 eee 
the penis, A8 septum of the penis. navicularis D13, which narrows (¢ ah 
sal the external orifice of the urethra D 14 a eeeiate||) 
essels and nerves of the penis. In the , ; the ayy) 
middle of the narrow Oca et ete There is often a fold B15 in the roof Oe D Longitudinal section through YZ 
: ; i ca ti neis 
groove the deep dorsal vein of the penis fossa navicularis under which “ jan’ P of penis (after Feneis) © Male urethra opened 
A9 lies subfascially, the dorsal arteriesof ™ay become trapped. BCD (fore from above 
the penis on each side, and further later- Penis, D17 septum, D18 prepuce 
ally runs each dorsal nerve of the penis Skin) of the penis. _ 
Ald. The superficial dorsal penile veins During catheterization of the flaccid ied i 
A111 lie above the fascia. its S-shaped curvature may be abo Nee 
Erection of the penis. Erection, which is when the penis is lifted, and the curve ats So ¥ 


under neural control (see Vol. 3) occurs 
when the helicine arteries in the corpus 
cavernosum are opened and blood rushes in jtuer 
to fill the caverna and the tunica albuginea _‘ Fine structure. The mucosa has lone 10 
becomes tightened; the veins which pene- nal folds (reserve folds) which he Fal 
trate through it are compressed. Simultane- close off the urethra. Recesses of the 19 


Ously the trabecular muscles relax and the | 
ne lacu ir M gagni) , 
paths for short-circuiting, the arteriovenous eens Heaney, (OE ure 


anastomoses, are shut. Therefore, there is open ‘anteriorly. There ae bile of 
an influx of blood while the outflow is ree “ral glandules (of Littré) in the ' 
stricted, compare E. The venous network in _ the pars spongiosa. 

the corpus spongiosum is also dilated. The 


penis becomes flaccid again when the 
| helicine arteries contract. 


the urogenital diaphragm almost disapP E. 
when the penis is pushed beackward, $ 








Y 
E Curvature and mobility of male 


‘ : ‘ ts < 
The curve beneath the symphysis disapr ‘ow Sg ON 
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Female Genital Organs 


The female genitalia consist of the inter- 
nal female genital Organs: the ovaries 
ABC], the werine (Fallopian) tubes 
ABC2, the uterus (womb) ABC3, the 
ragina AB4, and the external genital 
Organs: the labia majora A5 and minora 
A6, and the clitoris A7, the vestibule of 
the vagina and the vestibular glands. The 
internal female genital organs are situ- 
ated within the lesser pelvis. 


asl ti ABC1 is suspended from the 
se ne ee Suspensory ligament of 
ie me : C8 and the ligament of the 
seliie a - At the entrance to the lesser 
resign: & Suspended obliquely when 
mieiit fae 1s complete. The ovarian liga- 
which-the prsgls muscle tracts through 
HT i vary can change its position 
Sart Tal and rotatory movements. 

© Fane around the time of ovulation. 
spetlaie ne tube embraces the ovary 
nee fiene : and anteriorly. It lies in- 
internal . ally in a groove between the 

al and external iliac arteries, 


In €xceptional 


The Fallopi 
Plan tub 
'raperitoneally on ear runs 


Peritoneum) The ab 
: dom 
tube 4PProaches the sur eet Sie 


cle Which form 
; S a perito 
Side, the re tine, ree fold on each 


The uterus js 
ligaments ABC3 


also fixed by its round 
(ligamentum teres 





utert) which keeps the uterus bent for 
ward — anteversion of the uterus. The 
round ligament of the uterus originates a 
the tubal angle and runs beneath the 
peritoneum to the inner inguinal ring 
C14, through the inguinal canal into the 
labia majora and to the mons pubis C15; 
Where it is anchored. The floor of the 
pelvis supports the uterus and keeps it 1 
place (see p. 308). The body of the uterus 
is covered by peritoneum in front, on top 
and behind. 


Because of the considerable mobility of the 
internal genital organs, it is better to spe4 

of typical basic position and normal range © 
mobility, rather than a “normal position © 
the organs. 


Broad ligament of the uterus (ligame™ 
tum latum uteri) is the sheet 9% 
peritoneum lifted up by the uterus an 
the Fallopian tubes (cut edge B16). I! 
passes from the lateral margin of the 
uterus to the lateral wall of the pelvis. 
lies frontally and with the uterus is be? 
forward a little. It merges anteriorly int? 
the peritoneal roof of the bladder 4" 
posteriorly into the anterior surface ° 
the rectum. The mesosalpinx and th 
mesovarium are folds of the broad lig 
ment. The latter divides the peritone® 
space of the pelvis into an anterior 4" 
a posterior peritoneal pouch, the 
vesicouterine B17 and the recroulerin® 
pouches (of Douglas) BC18.— The 
rectouterine pouch is the lowest point ° 
the peritoneal cavity. 


AB19 Ureter, A20 greater vestibu! ‘ 
glands (of Bartholin), B21 pubic symphy 
sis, B22 deep transverse perineal mus¢!*’ 
B23 external anal sphincter, C24 infer!© 
epigastric artery, C25 medial umbilic® 
ligament, C26 median umbilical l!2* 
ment. 


af 








B 


Position of female genital 
'9ANs in relation to peritoneum 
(after Rauber-Kopsch) 


A 


n 
C Position of internal female ge 
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A General view of female 
urogenital organs 
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Ovary 


The ovary Al is almond-shaped and is 
2.5—5 cm long and 0.5—1.0cm thick. It is 
fixed by the mesovarium A2, a fold of the 
broad ligament of the uterus A3, and is 
joined to the lateral pelvic wall by the 
Suspensory ligament of the ovary A4 and 
to the uterus A6 by the ovarian ligament 
A5. A7 Ureter, A8 rectouterine fold, 
A9 cut edge of the peritoneum, A10 
uterine tube. The infantile ovary is 
smooth and small, whereas the surface of 
the functional ovary is lumpy, because of 
the protruding follicles AB11 and fis- 
sures of the corpora lutea, as well as 
puckered scars. The small, senile ovary is 
covered with scars. 


Fine structure. The ovary may be divided 
into a cortex and a medulla. The major 
blood vessels B12 enter the center of the 
ovary from the mesovarium and run 
through the medulla. The surface is 
covered by a simple cuboidal epithelium 
B13. The outer layers of the fully de- 
veloped ovary are an epithelium and a 
subepithelial fibrous layer — the tunica 
albuginea B14, deep to which is a highly 
cellular cortical layer. There are the 
Graafian follicles in all their different 
Stages of development. Among them are 
large vesicular follicles AB11, corpora 
lutea B15 and their scarred remnants. 


Oogenesis. As in spermatogenesis, dur- 
ing the ripening of the follicle (oogenesis) 
multiplication and maturation periods 
may be distinguished, but there is no 
Period of differentiation. 1. The period of 
Multiplication is completed during fetal 
wh opment. At birth the oogonia, 
cells, peevlOP from the primary germ 
abot ‘ie reached their final number of 
propha million and have entered the 
a ae of the first maturation division 
hon Aik Pocytes. 2. Period of matura- 
division - Puberty the first maturation 
ond has as been completed and the sec- 


©gun (formation of the - 
ary C0cyte and “polar body”), second 


Maturatj . 
follicte C. ve the follicles. The primary 


© primar i 
sup, Y Oocyte C16 is 
ee ae by a corona of a single layer 

» follicular epithelial cells © 17. 


In the secondary follicle D, the primary 
oocyte D16 lies in a multilayered corona 
of follicular epithelial cells D 17. Between 
the ovum and the follicular epithelium 
lies the homogenous zona pellucida. The 
surrounding connective tissue forms the 
follicular theca D18. The tertiary follicle 
(vesicular follicle) E reaches a diameter 
of 0.5—1 cm, by formation of a space, the 
follicular antrum in the _ folliculat 
epithelium E17. The wall of the antrum!s 
lined by follicular cells, “granulosa cells ; 
The primary oocyte E16 lics eccentricall} 
in the cumulus oophorus, and the follict’ 
lar theca E18 is very obvious. Graafian 
follicle F. In each cycle, one tertiat) 
follicle enlarges over a few days to form® 
Graafian follicle (diameter 1.5-2¢™: 
diameter of ovum 0.11—0.14mm) and ‘i 
cavity is filled with the liquor folie 
F19, The theca interna D—F18 gro 
during follicular maturation into the “a 
docrine theca organ. Under the influe"™ 

of FSH, the cells produce female sex¥® 
hormones (follicular hormones, estf0 
gens). FSH also leads to the formation ° 
inhibin in the follicular epithelial ¢¢ A 
inhibiting FSH synthesis in the hypophy 

sis (feedback), but not LH synthesis. 


Ovulation G: During ovulation (00 a 
15th day in a 28-day cycle) the ovum 
released from the Graafian follicle. He 
surrounded by a corona of follicU 
epithelial cells, the corona radiata, 4” 
enters the open end of the Fallopian tu?" 
which is waiting to receive it. Comp" 
oogenesis and spermatogenesis (se® 
279). Hormonal regulation s. p. 153. 


The corpus luteum H arises after ov 
tion as a dense-walled organ H15 ee 
the follicular epithelium and the the* 
interna D—F18. Its cells, granulosa" | 
tein cells and theca-lutein cells, produ « 
progesterone and estrogens when sti 


lated by LH (ICSH) from the }Y 
pophysis. 


Atresia of the follicle. Only about 400 for 
cles reach the stage of ovulation, the ies 
perish beforehand — atresia of the folli¢! - 
However a functional hormone-produc 
theca interna does occur around them f° 
short while. 
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ior view of uterus, 
A Posterior view 
Fallopian tubes and ovaries 





B Ovary cut open 


C-H Maturation, eruption of follicle 


and corpus luteum 
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Fallopian Tube 


The Fallopian (uterine) tube is 8—20 cm 
long. It lies intraperitoneally in the 
mesosalpinx, the upper extension of the 
broad ligament. Its abdominal end. the 
infundibulum, opens with the abdominal 
orifice of the uterine tube like a funnel into 
the abdominal cavity and ends in 1—2.cm 
long fringes, the fimbriae AC1. One of 
these, the ovarian fimbria lies on top of 
the ovary A2 and ensures contact be- 
tween the highly mobile abdominal end 
of the tube and the ovary. Through the 
funnel the tube becomes dilated into an 
ampulla C3 which is divided by longitudi- 
nal grooves. Toward the uterus the lumen 
of the tube narrows to become the 
isthmus in its medial third at the entrance 
into the uterus. The short wrerine part of 
the tube C4 penetrates through the wall of 
the uterus and ends with the uterine 
orifice of the uterine tube in the lumen of 
the uterus. The tube C shows /ongitudinal 
folds at its inner surface. They serve as 
“guide rails” for the ovum. The folds get 
flatter towards the isthmus and eventual- 
ly disappear completely. 
The female genital pathways have an 
anatomically uninterrupted link with the 
peritoneal cavity via the abdominal orifice of 
the tube. However, the mucous plug of the 
uterus prevents disease agents penetrating 
from the body surface into the peritoneal 
cavity. 
Fine structure. The tube consists of a 
mucosa, a muscle layer and a peritoneal 
covering. The mucosa D5: a cross-sec- 
ion through the ampulla shows the guide 
rails as branching folds D5. The mucosa 
et aa high columnar epithelium 
ntitie de a = glandular E7 cells. 
cycle ciliated ok a the yee 
ing the second half aft aunts —| 
dular cells are ; alter ovulation glan- 
the end of hie eae majority. Toward 
also shed Eg c cycle epithelial cells are 
- The tubular fluid consists of 
eal fluid and secretion 


migration and distrj 
ibu- 

S 

Permatozoa. The muscle layer 





D9 serves for movement of the egg and 
sperm, and the secretions of the tube. 
The muscle layers consist of: 1) the 
dense, spiral intrinsic muscle layer neat 
the mucosa, which can initiate peristaltic 
movement toward the uterus for the 
transport of fluid, and an antiperistalt¢ 
wave for transport of spermatozoa, 4 
muscle bundles — accompanying the bloo 
vessels B10 contraction of which pr® 
duces the constricting grooves of the al 
pulla and flexion of the entire tube: an 
3) a subperitoneal muscle layer, which 
forms lattice-like strands and a longitudt 
nal band along the upper edge of the tube 
from the uterus to its funnel end. The 
muscle strands provide mobility for th 
tube and the fimbriac. The peritone# 
covering D11 enables the tube to shill 
against its environment. 


Capture and transport of the ovum. Ob- 


servations made during abdominal op®™. 


ar 


ations have revealed that during oV¥ 
tion the fimbriae Al perform rhythmic 
movements. The ovary A2 is moved UP” 
ward and downward and is turned into 
longitudinal axis by the muscles of 
Suspensory ligament A12 and those ¥ 
the ovarian ligament A13. During this 
process the ovarian fimbria reach ! 
place where the follicle is ready to erup ’ 
a process probably controlled by acl’ 
locally produced substances (? enzyme>/" 
The ovum A15 newly released from ! 5 
follicle A14, reaches the funnel A 16 ¥"’ 
the ovarian fimbria within 3—6 min. ibe 
movement is accomplished with the he’ 
of the current of fluid created by the ¢! e 
and by suction exerted by rhythmic 
contraction of the tube. The ovum [4 é 
4—5 days to reach the uterus but it pe 
only be fertilized at the latest during ce 
first 6—12 hours, while it is still within ! ; 
ampulla of the fallopian tube. Pendult 
movements of the tube help to mix !” 
ovum with the spermatozoa and the 5 
cretions of the tube. Pushing and suciO” 
propel the egg in pendulum moveme? 
step by step, through the chambers Of! 
ampulla. The fertilized egg arrives at ! ss 
uterus on the 4th—Sth day. Its implant 
tion in the mucosa of the uterus starts 0 
the 6th day and is completed on the !¢ 
day after eruption of the follicle. 
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of ovum atendof 
tube (after Martius-Droysen) 


A Capture (reception) 


dles in » 
B Vascular and muscle bun 
fallopian tube (after Horstmann) 







C Longitudinal section through 
Fallopian tube 







D Histologic cross section of 
Fallopian tube 
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Uterus 


The uterus carries the fetus in pregnancy. 
The mucosa of the uterus is cyclically 
prepared for the implantation of the em- 
bryo and plays a part in the formation of 
the placenta. The uterine muscles become 
adapted to the growth of the fetus and 
provide the motive power for its expul- 
sion during childbirth. 


The uterus is pear-shaped and may be 
divided into a body and a neck. The body 
of the uterus AC1, the thick (and trans- 
versely enlarged) part of the “pear” is 
directed upward and has an antero-in- 
ferior and a postero-superior surface. 
The fundus of the uterus AC2 in amature 
woman rises above the “tubal angle” A3 
as the cupola. The neck of the uterus, 
cervix C4, the narrower part of the 
“pear” in the non-pregnant uterus com- 
prises the lower ¥ of its total length. It is 
rounded and is directed downward and 
posteriorly into the vaginal vault. The 
vaginal portion of the neck of the womb 
CS, which is known by gynecologists as 
the “portio” is that part of the cervix, 
about 1cm long, that protrudes into the 
vagina C6, and is covered by vaginal 
epithelium. The supravaginal part C7 of 
the neck of the womb is largely enclosed 
by subperitoneal connective tissue into 
which it is anchored. The isthmus of the 
uterus C8 lies between the body and the 
neck of the uterus. The isthmus of the 
uterus, which loses its folds in pregnancy, 
Is called the “lower segment” by the 
obstetrician. C9 Urinary bladder. The 
Cavity of the uterus A10 within the fun- 
dus and uterine body forms a triangular 


slit with a downward point; 
Pome pointing apex in the 


The Fallopian tubes A3 open into the two 
upper “angles.” The lower “angle” leads 


uteri”) of the £ynecologist. The ersten 
ae Al2, Which falldwe downwards, : 
s orm and dilated. It is filled by a 

ucous plug, which Protects the uterus 
ng infective agents, and 
Passage of sperm toward 





the lumen of the uterus by its alkalinity. 
The cervical canal opens at the externd 
orifice, ostium uteri A13, the “external 
mouth of the uterus” of the gynecologist; 
at the level of the vaginal portion of the 
cervix in the vault of the vagina. In 4 
nulliparous woman, this orifice is only 4 
small, round depression D14. It has 4" 
anterior and a posterior lip. After chil 
birth the ostium uteri presents as a trans 
verse fissure D15. 


The vaginal part of the cervix is covered 
several layers of non-keratinized squame 
vaginal epithelium and therefore appe* 
smooth and light pink at colposcopy. beg 
sharply defined spots “pseudoerosions Se 
tropia) are produced by islands of 10 
layered prismatic epithelium which ai, 

grated from the cervix. A16 Vaginal wa": 


The wall of the uterus is formed by “4 
dometrium (mucous membrane), pees 
metrium (muscular wall) and pe 
trium (peritoneum, tunica serosa). In 
endometrium B17 is 2—8mm thick: ft 
the uterine cavity it is smooth and $0" 
and has broad, shallow plaques. 10 2 
cervical canal the mucosa is tougher y 
and has palmate folds (plicae palmata d 
and the cervical glands produce the the 
cous plug in the external orifice 9 he 
uterus. Menstrual cycle, see p. 302: ‘: 
myometrium B18 of the non-sr ck 
uterus feels firm. It is about 2cm rhe 
and shows an ill-defined triple laye': a 
middle layer contains many blood The 
sels. Uterine muscle (see p. 300). aly 
perimetrium (peritoneum) B19 1s fir es 
adherent to the myometrium. It mere 
into the broad uterine ligament B20 at he 
lateral margin of the uterus. Most © 7 is 
supravaginal part of the cervix 


extraperitoneal. 


' 5 
Variations in the structure of the ute” 


arise from defective symmetry or an cls: 
metrical junction of the 2 Miillerian © ys 


All stages are possible from a double Viet 
with a double vagina (uterus rule 


separatus vagina duplex) via a bicor : . 
uterus, to the arcuate uterus with an 19 
plete septum. 
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B Cross-section through 
body of uterus 


on through uterus 





C Longitudinal secti 
in situ 
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Position, Size and Fixation of the 
Uterus 


Position and mobility of the uterus. The 
uterus is normally anteflexed and bent 
forward over the bladder (anteverted) 
Al. The longitudinal axis of the uterus 
and of the vagina is concave toward the 
front. It runs approximately in the direc- 
tion of the guideline of the pelvis, an 
imaginary line that runs through the cen- 
ter of all the planes of the pelvis, parallel 
to the anterior concavity of the sacrum. 
“Position” refers to the relationship to 
the midline sagittal plane (right — left 
displacement). 


The position of the body of the uterus 
Over the bladder distributes the intra- 
abdominal pressure over the floor of the 
pelvis and protects the uterus from being 
pushed through the genital opening. 


The fixation mechanism permits phys- 
iological mobility of the uterus. When 
the bladder is full the uterus becomes 
more erect A2; and when the rectum is 
full it is pushed forward. If the bladder 
and rectum are both full the uterus is 
elevated A3, Retroflexion and retrover- 
sion of the uterus Ad are usually 
pathological conditions. A physiological 


In the newborn, the uterus is 3.5 cm long 
and cylindrical in shape. In childhood the 
neck of the uterus remains longer than 





Fixation mechanism of the uterus. The 
uterus is mainly anchored in the cervical 
region C8 by collagenous and elastic tis- 
sue strands, which also contain smooth 
muscle fibers (retinacula). They enable 
the position of the uterus to be adjusted 
actively and passively, and the tension of 
these strands on the vessel walls keeps the 
blood vessels open whatever the position 
of the uterus. The muscle strands extend 
upward into the broad ligament of the 
uterus where they are joined by muscle 
bundles from the myometrium. This fi- 
brous apparatus (retinacula) keeps the 
ulerus suspended in a position which is 
secured by the muscles and ligaments 0! 
the floor of the pelvis; it is situated in the 
parametrium, i.e., the subperitoneal 
periuterine connective tissue space (see 
p. 314). 


Retinacula: The pubovesical ligament 
C10 runs anteriorly past the bladder C9 
to the pubic bone. It counteracts prolapse 
of the bladder and of the anterior wall of 
the vagina. A fibrous layer in the para 
metrium, generally known as the cardina 
ligament C11, fans out toward the lateral 
wall of the lesser pelvis. The rectouterine 
muscle C13, which lies in the rectouterine 
fold, runs past the rectum C12 to the 
sacrum. Between the two rectouterine 
folds the rectoulerine pouch C14, 4 
peritoneal pocket extends downward. 
The round ligament of the uterus Se 
p. 290. 


Clinical Tip. When the fixation of thé 
uterus slackens (e. g. after several births: 
Or as a result of a connective tissue weak- 
Ness, perhaps in old age), the uterus may 
drop lower (descensus uteri) and projec! 
into the vaginal wall. In prolapse of the 
uterus, the portio vaginalis (cervicis) pt” 
jects out of the Vagina, 


(after Merkel) 





TF (( 
B Bimanual examination of uterus (/, > 
(after Corning) I(/, 





on of uterus by connective 


C Fixati es in lesser pelvis 


tissue structur 
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Muscles of the Uterus 


The myometrium, the muscle wall of the 
uterus consists of smooth muscle cells, 
vessels and connective tissue. Muscle tis- 
sue forms about 28% of the volume of the 
body of the uterus: it is less well de- 
veloped in the isthmus and the cervix. In 
the body and fundus of the uterus there is 
a thicker middle layer and thinner inner 
and outer layers of myometrium which 
are not clearly demarcated. 


The middle and by far the thickest layer 
Al is particularly well vascularized 
(stratum vasculosum Al). Its muscle 
Strands form a three-dimensional net- 
work in the body, which mainly extends 
parallel to the surface of the uterus and is 
anchored onto the blood vessels. In the 
isthmus and cervix there are gradually 
ascending circular muscle bundles. In a 
cesarean section through the isthmus re- 
gion, therefore, the muscle bundles can 
be widely separated upwards and down- 
wards a transverse incision. The middle 
layer provides the principle expulsive 
power during parturition. 


The thin inner layer beneath the mucosa 
has many circular muscle bands (stratum 
subvasculosum A2). It is said to assist 
contraction of the open blood vessels in 
the detachment of the placenta after par- 
turition. The outer layer, which is also 
thin, consists of 4 lamellae containing 
muscle strands running alternately in a 
longitudinal and a circular direction 
(stratum supravasculosum A 3). Probably 
they help to stabilize the surface of the 
growing uterus during pregnancy. 


In pregnancy the uterus grows rapidly by 
hypertrophy of individual smooth muscle 
cells, Which increase to 7 to 10 times their 
Original size. Fluid, which penetrates the 
connective tissue, permits displacement 
of the inner structures of the wall of the 
uterus. The isthmus is markedly elon- 


&ated and becomes part of the “womb”, 





Growth of the uterus during pregnancy 'S 
stimulated by estrogens and progesterone 
and by stretching of the wall. In the non- 
gravid uterus the hormones prevent atrophy 
due to inactivity. 

Cervix of the uterus. The structures of the 
neck or cervix of the uterus merit special 
consideration. The cervix remains close 
for the duration of pregnancy, but during 
parturition it must quickly dilate to the 
width of the baby’s head. There are active 
and passive mechanisms involved in th's 
process: passive enlargement has alread) 
been prepared for by the increased flu! 
content of the cervix. The fluid is 4! 
placed during parturition to make room 
for the baby’s head, and permeates int 
the connective tissue, the venous plex¥s 
dilates and the cervical glands become 
enlarged (see p. 314). An active opening 
mechanism is provided by restructuring 
of the muscle strands and the fibers of 1° 
connective tissue. In the non-pregnal 
uterus structures near the mucosa . 
arranged in a more circular pattern. , 
the 7th month of pregnancy these struc 
tures run a steeper course than in ee 
cervix of the non-pregnant uterus. ee 
merge partly into the longitudinal mus” 
bundles of the uterus (the “descending 
strands to the cervix B5) and partly int 
those of the vagina (“ascending” sr 
B6). The pull from these longitudin™ 
muscle bundles during parturition he 
to produce opening of the internal 4°" 
external orifices of the cervix. B7 Am” 
otic sac (opening phase of childbirth). 
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Endometrium 


The mucosa of the uterus (endometrium) 
lies directly on the muscle D1. It has a 
simple, high columnar epithelium and 
some ciliated cells, and contains tubular 
glands, the uterine glands. The connec- 
tive tissue of the mucosa has many cells 
but few fibers. A basal layer D2 about 
Imm high, which is not shed during 
menstruation, can be distinguished from 
a functional layer D3, D4, up to 8mm 
high. 


During the period of sexual maturity, the 
Ovarian hormones (see p. 170) cause 
menstrual cycles in the endometrium. 
They begin with the menarche from the 
10th—15th years, with cycles that are at 
first still incomplete. They end with the 
climacteric (menopause) at about the 45th 
year. Higher hormonal regulation (sce p. 
| ioe he 


The menstrual cycle is divided into 
phases. In the following description the 
most common 28 day cycle has been 
taken as a basis. Counting starts with the 
first day of the period, compare B. 


Phase of desquamation and regeneration 
A, the Ist to 4th day. This is mainly 
controlled by disappearance of proges- 
terone and increase in estrogens. The 
superficial portion of the endometrium is 
shed while certain enzymes and thrombo- 
cytes counteract clotting of the menstrual 
blood. Eventually the epithelium and the 
connective tissue of the functional layer 


regenerate from the basal layer and the 
wound is closed. 


Phase of proliferation BC. The 5th—15th 
day comprises the ovulation period. This 
phase is mainly controlled by estrogens 
and is therefore called the “estrogen 
phase”. The functional layer grows, the 
gland get larger and spiral arteries are 
formed. The body temperature rises after 


Ovulation by 0.5—1°¢C (premenstrual hy- 
Perthermia). 


Phase of secretion DE, the 15th—28th day 
(“gestation phase”). This is mainly con- 


blood vessels increase in number and the 
spiral arteries grow longer D. Toward the 
28th day the connective tissue cells neat 
the surface change to large epitheloid 
“pseudodecidua” cells which resemble 
those of the mucosa of the pregnant 
uterus, the decidua. Because of this the 
superficial dense zone (compacta) of the 
endometrium D3 can be distinguishe' 
form the loose, deep, spongiosa layer D 
with its many glands. Toward the end 0 
the cycle the spongy layer loses flu! 
(premenstrual shrinkage of the mucosa) 
and the spiral arteries contract due a 
drying up of the progesterone supply: 
This results in lack of blood (ischemia 
and tissue damage. Subsequently '* 
newed dilatation of the blood vessels Ce 
to increased estrogen supply see 
bleeding and desquamation of the spoM® 
layer. 


Even in cycles with intervals other se 
28 days, ovulation usually takes poe 
13—14 days before the first day of the She 
menstrual period (constant length of 

gestation phase). 
ull 


In pregnancy the trophoblast (the . prer 


tional shell of the fetus, see p. 322 s 
duces chorionic gonadotrophin hormor : 
which ensure the maintenance 9 
corpus luteum. The corpus luteun? 
menstruation becomes the corpus (uate 
of pregnancy and menstruation 15 ° 
pressed. 


m 


(tl 
The mucosa of the portio vaginalis uler : t g 
region of the external cervix) is a glist”. 
white in the child, and when sexual mat ed 
is reached often takes on a circular 
coloring due to the eversion of the giant for 
field of the cervical canal (making acces” iy. 
spermatozoa easier). In later years, the ‘itis 


dular field is once again covered with wl 
squamous epithelium. The glands © ti0" 
cervical canal produce an alkaline seca of 
the viscosity of which varies in the cou™ 


the menstrual cycle. dv 
es ora 
Menopause. The menstrual cycles 2" ihe 
ally disappear with the onset ° cos! 
climacteric (menopause). The mv and 


and the muscle of the uterus atroph) mes 
the vaginal portion of the cervix bec? 
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A-E Mucosa of uterus during 3 
menstrual cycle 
(specimen of Prof. Specht) 
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Vagina 


The vagina A1 is an 8—10cm long, thin- 
walled tube, consisting of mucous mem- 
brane and muscle. At the top it embraces 
the vaginal portion of the cervix and 
Opens into the vestibule of the vagina at 
the orifice of the vagina. The vagina lies 
more or less along the axis of the pelvis. It 
is flattened in front and the anterior and 
posterior walls are in loose contact and 
enclose an H-shaped slit, which can be 
opened without producing much tension. 
For the orifice of the vagina see p. 306. 
The fornix of the vagina forms a ring 
around the vaginal portion of the cervix, 
the shallow anterior A2 and deep pos- 
terior A3 vaginal recesses. The latter bor- 
ders on the rectouterine pouch (of Doug- 
las) Ad, It is a site of danger of perfora- 
tion during manipulation with instru- 
ments. Both the anterior and posterior 
walls have transverse folds, which pro- 
trude as longitudinal bulges in the central 
part of the wall. Urethral carina of the 
vagina (see p. 306). 


Fine structure. The mucosa has a many- 
layered, non-keratinized squamous 
epithelium, which is rich in glycogen. 
There are almost no glands. The 
epithelium and the vaginal secretions 
undergo cyclical changes, which may be 
Studied in smear preparations. The mus- 
cle layer is thin and is composed of a 
lattice work. The venous plexuses are 
Involved in closure of the vagina. The 
adventitial connective tissue, the paracol- 
plum, provides the connection with 
neighboring organs — a firm connection 
with the urinary bladder A5 and a loose 
connection with the rectal wall A6. 


The vaginal secretion is formed by the 
glands of the cervix, froma transudate of the 
vaginal wall and from desquamate epithelial 
cells. It contains 0.5% lactic acid which is 
produced by lactic acid bacteria from the 
glycogen of desquamated cells, The acidic 
milieu (pH 4—4.5) of the vagina protects it 
against ascending infective agents. 


Blood Vessels of the Internal 
Genitalia in the Female 


The ovary AB7. The ovarian arteries B8 
arise from the aorta B9. They run Ie 
troperitoneally over the psoas majo! 
muscle, in front of the ureter B10 to the 
suspensory ligament of the ovary. The left 
ovarian vein B 11 drains into the left ren@ 
vein, and the right ovarian vein drains 
into the inferior vena cava B13. The 
vessels run in the connective tissue of the 
suspensory ligament of the oval 
ABC 14. The wrerine artery also gives off 
branch to the ovary C15, which contr 
butes to its blood supply. C16 Uterim™ 
vein. After the age of 45 years, the oe 
is mainly supplied via the branch from! : 
uterine artery. The /ymphatics run to! ; 
lumbar lymph nodes. For the nerves 5° 
Vol. 3. B17 Inguinal ligament, a 
round ligament of the uterus. AB 
uterus. 


Fallopian tube A20. Its arteries a 
from the uterine artery (tubar we 
C21) and the ovarian artery BC14 (#! be 
branch). They send 6—9 branches to ! : 
tube, which form arcades and 100P 
around it. 


Uterus, vagina. The wrerine artery '5 eS 
largest visceral branch of the internal!" 
artery, see p. 70. It runs in the at 
peritoneal connective tissue over the 4 
ter C22 to the base of the broad ligame’ 
within which it passes to the uterus at! 
level of the cervix. There, it divides 1" 
the tortuous ascending main branch © 
and the descending vaginal branch C he 
the wall of the vagina. The coiling oft 
blood vessels allows for the mobility P 
the uterus. The veins form large plex!?"" 
around the body and the cervix 0 


6. 

uterus, and around the vagina, see P- a 
The /ymphatics drain into the ly™ 
tel): 


nodes alongside the common iliac at 
as well as into the inguinal lymph no*.- 
and the nodes on the walls of the pe’ 
Nerves see Vol. 3. 
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External Female Genitalia (the 
Vulva) and the Urethra 


The left and right labia majora pudendi 
C1 are skin folds which form the borders 
of the pudendal cleft, the rima pudendi. 
Together with the mons pubis C2 they 
form a tnangle. Their hair cover merges 
at the mons pubis with the triangular 
pubic hair. The mons pubis and the labia 
majora contain fat, sebaceous glands, 
Sweat and scent glands. The left and right 
labia minora pudendi C3 are thin skin 
folds that surround the vestibule of the 
vagina. They are connected at the back 
es a band of skin, the frenulum C4, which 
appears during the first childbirth, An- 
teriorly the labia minora divide into 2 
ts on either side, the two inner folds 
Orming a cordlike connection to the 
glans of the clitoris AC5, while the two 
“a Ones meet in front of the glans to 
come the Prepuce of the clitoris C6. 
- e labia minora contain connective tis- 
e without fat and sebaceous glands. 
he clitoris Originates as two limbs, the 
crura of the clitoris C7, from the lower 
ee of the pubic bone. Beneath the 
ar symphysis the crura form the 
. bev Shaft, the body of the clitoris 
bs e turns backward and ends inthe 
sion "oridis ACS. The body of the 
ol fo eben by a fascia and is 
dittede | € symphysis. Each crus of the 
IS 1S Covered by one ischiocaver- 

= C9, ps clitoris contains 

€rnosa (compare with th 

i cavernosa of the’ eatin p. 288) 
me ss Supplied with sensory 
i ae : Orifice of the vagina C10 may 
hin i rm by the vaginal flap, the 
a es wa at the first coitus 
ney childbirth is scarred remnants 
bee, verrucose hymenal caruncles 
as nculae hymenales). In rare cases 
hs ner's ducts may end on either side of 
vaginal orifice (see p. 272). Small 


eee glands lie between the urethra 
. the orifice of the vagina. The duct of 
C greater vestibular gland ( of Bartholin) 
om on 7 either side of the orifice of 
ie aC12, The pea-sized gland itself 
hind the vaginal orifice, medial to 





the bulbospongiosus muscle behind the 
vestibular bulb and beneath the deep 
transverse perineal muscle. Its duct IS 
about 1.5—2cm long. The /esser vestibu- 
lar glands, tubuloalveolar glandulae ve 
tibulares minores, form groups, especial: 
ly in the region of the clitoris and urethral 
orifice. The corpora cavernosa of Me 
vestibule (bulbi vestibuli vaginae) ©} 
consist of venous plexuses which 4 
covered by the bulbospongiosus muscles 
C14. C15 Centrum tendineum of the 
perineum, C 16 external sphincter muscle 
of the anus, C17 anus. 


The female urethra is 2.5—4 cm long and 
runs in a curve, concave toward the st 
between the symphysis and the anterl?” 
wall of the vagina. It projects into 
latter as the carina of the urethra of 
The urethra begins below the sigoné 
the bladder (trigonum vesicae): ime r da : 
urethral orifice and ends as a slit OF a 
shape 2—3cm behind the glans 0 0 
clitoris: external urethral orifice AC ‘ 
The 1-—2cm long paraurethral duc™ 
(Skene’s ducts) also end in that area. 
lumen B20 is narrowed by longitudin’ 
folds which contain venous plexuses: " 
tunica spongiosa (between the ae 
and the muscle of the urethral tube) 
veins ensure closure of the urethra. The 
lumen can be widened to 7—8mm- def 
muscle wall, a continuation of the blad ; 
muscle, is enveloped by fibers fro™ the 
deep transverse perineal muscle B#+ 
voluntary sphincter muscle. ' 
Cross-section of the urethra B20, er 
B22 and rectum B23 at the level of yer 
floor of the pelvis, see p. 302. B24 eal 
ramus of the pubic bone, B25 levato™' 
muscle, B26 tip of the coccyx. 


For the vessels and nerves sce p. 304: 
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Pelvic Floor 


The lower aperture of the pelvis is closed 
by the voluntary muscles and the fascia of 
the pelvic floor. There are Openings inthe 
latter for the urogenital tract and for the 
rectum. The muscles and fascia are ar- 
ranged in three layers, partly in a wing- 
like fashion, and are much the same in 
both sexes. From above downward (i..e., 
from the deepest to the most superficial) 
the layers are: 1. the pelvic diaphragm, 2. 
the urogenital diaphragm, and 3. the 
sphincter muscles of the rectum and the 
urogenital tract. Each diaphragm consists 
of a muscle layer strengthened by a fascia. 


Muscles of the pelvic diaphragm. The 
levator ani muscle Al Originates as two 
wing-like plates from each side of the 
inner wall of the lesser pelvis. The tendon 
of origin of each plate, the arcus ten- 
dineus ABC2, extends from the pubic 
bone lateral to the symphysis across the 
fascia C3 of the obturator internus mus- 
cle ABC4 to the ischial spine ABCS. The 
entrance to the obturator canal AB6 lies 
above the tendon. Each of the two muscle 
plates consists of the following parts. The 
puborectal muscle C7 Originates from the 
pubic bone bilaterally and with its partner 
from the other side forms the puborectal 
sling. Their medial portions, the crura of 
the levator ani muscle, surround the geni- 
tal hiatus C8, which is about 3cm wide at 
the pubic symphysis. Some muscle bun- 
dles C9 cross in front of the rectum C10 
(see levator muscle of the prostate and 
pubovaginal muscle, p. 312). Behind it 
the puborectal muscle follows the iliococ- 
cygeal muscle C11, it stretches as far as 
the coccyx and the anococcygeal ligament 
AC12. A third muscle, the pubococcy- 
geal muscle C13, extends even further 
Over and across the other two parts and 
runs from the pubic bone to the coccyx. 


The coccygeal muscle AC14 is attached 
posteriorly to the levator ani muscle. It 
arises from the ischial] spine ABCS5 and 
fans out into the side of the lower sacrum 
and the coccyx. The muscle lies above the 
Sacrospinal ligament B15 with which it 
fuses. The muscle may be replaced by 





connective tissue. Between the levator 
ani and coccygeal muscles is a triangle 
which contains no muscle because of the 
reduction of the iliococcygeal muscle. It 
is only closed by the fascia of the pelvic 
floor. Abscesses from the ischioanal foss4 
can reach the retroperitoneal space 
through this triangular gap. 


The piriformis muscle ABC 16 together wit! 
the sacrum forms the posterior wall of the 
space above the pelvic floor. ABI7 Su 
prapiriform foramen, AB18 infrapirifor™ 
foramen, B19 lesser ischiadic (sciatic) fora 
men, B20 sacrotuberal ligament, C21 tet 
dinous arch of the pelvic fascia, C22 greate! 
ischiadic (sciatic) foramen. 


Muscles of the urogenital diaphrag!™- 
The deep transverse perineal mus¢lé 
ABD23 forms a thin muscle laye! 
stretched in the angle between the lowe! 
crura of the pubic bone, transverse tO ies 
genital hiatus, which to a large extent “ 
closes from below. The fibers of th¢ 
posterior (inferior) portion of the mus¢l¢ 
run in a roughly transverse direction. Th 
anterior (superior) fibers run partly 1 : 
semicircular and partly in a circular dire“ 
tion around the urethra D 24, and act as@ 
voluntary sphincter, the sphincter muscle 
of the urethra. In the female most 0 
these fibers go around both the vagins 
and the urethra as the urethrovagin” 
sphincter. Spiral fibers of this mus¢ 
ascend within the wall of the vagina or oe 
prostate. The angle immediately below 
the symphysis is closed only by connee 
tive tissue, i. e., by the transverse perine@ 
ligament D25. The deep dorsal vein ip 
the penis passes between the symphy®! 
and the transverse perineal ligament am 
the dorsal artery and nerve of the pe™ 
pass between the ligament and the de¢P 
transverse perineal muscle through the 
urogenital diaphragm; compare W'! 
p. 312. 


The superficial transverse perineal mU*- 
cle may reinforce the posterior marg!f : 
the corresponding deep muscle with thi 
superficial transverse fibers that aris¢ 
from the ischium (see p. 312). 


iF 
Central tendon of the perineum, see p. a 
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Muscles of pelvic floor 







A Right levator ani 
muscle preserved 
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Levator ani muscle 
removed on both sides 
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Sphincter muscles. In the male the bulbo- 
spongiosus muscles AB1 lying on the 
inferior surface of the urogenital dia- 
phragm are united by a median raphe. 
The muscle covers the corpus spon- 
giosum penis B2 from below. It can 
Squeeze blood from the corpus spon- 
giosum into the glans penis and assists in 
ejection of the contents of the urethra by 
Narrowing and shortening the urethra. 


The ischiocavernosus muscles AB3 do 
not have any sphincter function. They 
arise from the crus of the ischium on both 
Sides and cover the crus of the penis, orin 
the female the crus of the clitoris, and are 
inserted into the tunica albuginea or the 
Corpora cavernosa. An upper bundle 
Crosses the back of the root of the crus 
penis, or the crus of the clitoris, and then 
joins the Corresponding muscle from the 
Other side. These muscles can squeeze 


blood from the crura into the corpora 
cavernosa. 


The external sphincter of the anus AB4 
encircles the termination of the gut below 


the levator ani muscle A5 like a sleeve. It 
consists of a 


ficialis, and 
halves of th 
cross in the midline in front and behind 
the anal Canal. T 
Partly into the 


6, Partly into the raphe of the bulbo- 
Spongiosus muscles, and into the lower 


mMOve in unison. 
muscle of the an 


B7  Superticia| 
muscle, 


transverse perineal 





Fascia of the pelvic diaphragm. u 
superior fascia is connected with the pel- 
vic visceral fascia, the connective tissue 
covering of the pelvic viscera. The i 
ferior fascia partly lines the ischiontes 
fossa. Laterally it merges into the fasos 
of the internal obturator muscle. ee 
pare with the spaces of the pelvis ¢€ 
scribed on p. 314. 


A Fascia of the urogenital diaphrag™ 
Connective tissue for the conti. 
pathways is formed on the upper oe 
of the muscle, on the base of the is¢ of 
anal fossa. Underneath, the muscle : 
covered with the connective tissue of | ‘ 
membrane of the perineum (the oe 
diaphragmatis urogenitalis wag 
which faces towards the perineum. rive 
root of the penis lies in the connet a 
tissue space between the inferior ie: 
and the superficial fascia of the perine 
A8, in the superficial perineal space. 


A9 Scrotum, AB10 internal obturator 
muscle, AB11 sacrotuberal ligament 
AB12 socket of the hip i 
(acetabulum), AB 13 tendon of the in ee 
nal obturator muscle, AB14 sacru 
AB15 gluteus maximus muscle, 4 1 
tendon of the piriformis muscle, “15, 
branches of the posterior scrotal eee oe 
B 18 posterior scrotal nerves, B19 oa n° 
al artery, B20 pudendal nerve, B ae 
ferior rectal artery, B22 internal pu “64, 
dal artery, B23 inferior rectal ner 
B24 deep dorsal vein of the penis. 
urethra, B26 bulbourethral gland. 


| 
nda 
For the branches of the internal pude 


artery see the internal pudendal ar" Pot 
and the inferior rectal artery p. 248. * 
branches of the internal pudendal ae ‘ec 
internal pudendal vein p. 317. For NO 3. 
of the pudendal nerve, see p. 70 and 


scl 


| 
| 
| 
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Pelvic floor and perineum 
In male, from below 







A 

Superficial layer: 

eft — fascia preserved 
right — fascia removed 


B 


Fascia and first part 
Corpus spongiosum 
Penis removed 
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fro Pelvic floor ono in 
, a female, from below 
Sphincter muscles. In the female the bul- cial abdominal fascia in front (see p. 310). 















bospongiosus muscles A1 on each side 
cover the bulb of the vestibule A 2. Fibers 
Pass to the undersurface of the clitoris A 3 
and into the mucosa of the vestibule of 
the vagina. The two muscles are con- 
nected by a raphe behind and in front of 
the vestibule. Isolated muscle bundles on 
cach side pass beyond the dorsal raphe 
into the contralateral external sphincter 
ani AB4 to form a figure-of-eight. Is- 
chiocavernosus muscles AS (see p. 310). 


AB6 Levator ani muscle, B7 coccygeal 
muscle from below shown by division of 
Sacrospinal ligament B8; B9 deep trans- 
verse perineal muscle partly removed on 


the right, A10 superficial transverse 
perineal muscle. 
Perineum. The Prominent soft tissue 


bridge between the anus and the origin of 
the Scrotum, 


Sure of the 
perineum. In 
IS a tendinous layer 


muscles: both levator 
ani muscles AB 6, the deep B9 and super- 


transverse perineal muscles, 


and a posterior “anal 
these are termed the 


P transverse perineal 
ascia adheres laterally to 
mM of the ischium and the 
d radiates into the superfi- 


the Periostey 
Pudic crys an 





Pathologic processes can spread from rE 
perineum to the lower abdomen bot 
beneath and above this fascia. 


Loading on the Pelvic Floor 


In quadrupeds the viscera are carried uy 
the abdominal wall as in a hammock an 
the pelvic floor is drawn inward. In re 
trast, the viscera of man with his uprg 
posture press on the floor of the ee 
The following factors increase the load of 
the pelvic floor: raised eubeaeer 
pressure on coughing or straining She 
cation), relaxation and flabbiness of t 
abdominal wall and the diminishing SUC 
tion effect of the lungs with advancl 
years. The closure of the lower apes 
of the pelvis must withstand all the 
strains and at the same time it aoe 
permit opening of the pelvic ge 
There is, therefore, a risk that wt 
abdominal pressure may push the pe “ 
viscera through their own openings Pr. 
lapse of certain organs, e. g., uterus, ad 
tum) if the pelvic floor and its muscles 
incompetent. 


AB 12 Sacrotuberal ligament. A13 se 
terior labial nerves. A14 artery of ! x 
vestibular bulb, AB 15 orifice of the vaé 
na, AB16 orifice of the urethra, ae 
greater vestibular gland, A18 eens 
artery, AB19 socket of the hip ae 
AB20 tendon of the internal a 
muscle, A21 pudendal nerve, A22 os 
nal pudendal artery, A23 inferior ree 
artery, A24 inferior rectal nerves, 4 6 
tendon of the piriformis muscle, ‘4a 
gluteus maximus muscle, B27 transve 
perineal ligament, B28 anus, 
anococcygeal ligament. ) 
For the branches of the internal pudend? 
artery compare with the internal pude”™ 0. 
artery p. 71 and the inferior rectal artery | 
248. For branches of the internal eee 
vein see p. 317. For branches of the pu 

dal nerve see p. 71 and Vol. 3. 


270. 
Sphincter of the urinary bladder, see Pp: 27 
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314 Pelvic Spaces 


Spaces of the Lesser Pelvis 


There are three spaces in the lesser pel- 
vis. The peritoneal space meets the sub- 
peritoneal connective tissue space above 
the floor of the pelvis. The levator ani 
muscle separates the subperitoneal con- 
nective tissue space from the ischioanal 
fossa, a connective tissue space below the 
floor of the pelvis. 


Peritoneal Cavity in the Female 


The peritoneum of the anterior abdomi- 
nal wall ACE1 stretches over the surface 
of the bladder. It forms the vesicouterine 
pouch ADE2 between the bladder and 
the anterior wall of the uterus. Behind 
the uterus it descends into the recto- 
ulerine pouch ADE3, (pouch of 
Pouglas), Which is the lowest point of the 
Peritoneal cavity. It extends as far down 
as the posterior fornix of the vagina to 
reach approximately the level of the rec- 
=: fold of Kohlrausch, The entrance into 
: €rectouterine pouch is narrowed by the 
€ctoulerine folds, in Which the recto- 

at a muscles run (see Pp. 298). Lateral 
ete the broad ligament E 4 arises 
fhe 4 al a snk of the Fallopian 
ee and the mesovarium of the 
Ty E6. The broad ligament is trans- 


, thereby forming a 
either side in front 


Subperitoneal Space in the Female 


ms subperitoneal Space CDE7 is part of 
from. the oneal Space and extends 
ant symphysis, retropubic space 

» back to the sacrum DE9, It is 


called th 
der, the sp aracystium around the blad- 





ACD 10. Medially in this region the vis 
ceral leaf of the pelvic fascia is fused with 
the superior fascia of the pelvic dia- 
phragm. The pubovesical ligaments ate 
reinforced strands of the pelvic fascia. 
Above the pelvic fascia there is an ope? 
ing into the obturator canal through 
which the obturator vessels and nerves 


leave the lesser pelvis. Posteriorly the 


pelvic fascia forms connective tissue 
arches around the anterior foramina ° 
the sacrum, and covers the piriform mus- 
cle DE11. Between the posterior wal 
and the floor of the lesser pelvis remains 4 
gap, the infrapiriform foramen, for pas 
sage of the nerves and blood vessels. 
There is a smaller opening above the 
upper margin of the piriform muscle: the 
suprapiriform foramen. The subperiton& 
al space contains the ligaments for 1X* 
tion of the viscera, particularly the uterus 
within the lesser pelvis. Here, the urete! 
D12 crosses beneath the uterine artery 
D13. In the subperitoneal space the 
ternal iliac vessels and the branches of the 
sacral plexus divide. C14 Fixation of 
cardinal ligament ot the lateral wall of th© 
pelvis. 


In the male, the rectovesical septum i 
vances from the subperitoneal connect! | 
tissue, the peritoneoperineal fascia, F 
form a frontally-placed connective-tissv” 
septum between the rectum and the U! 

nary bladder and prostate. In the fem4 ms: 
it advances to form the rectovaginal S¢P 
tum between the rectum and the vag!” 
towards the central tendon. 


Al15 “Urethrovaginal septum” 
sicocervicovaginal connective-t 
cleft), A16 rectovaginal septum, CL ‘ 
external obturator muscle, CDE 18 ae 
nal obturator muscle, C19 ischioanal i. 
sa, C20 deep transverse perineal mus®’ 
C21 subcutaneous, connective msi 
space beneath the deep transver 
perineal muscle, D22 ovarian ligame””’ 
DEZ23 lower ramus of the pubic bone: 


jssuc 
7 

















B Plane of frontal section 
inc 


D0, E Paramedian sagittal sections 
(Subperitoneal space) 
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Connective tissue spaces 
of female pelvis 


A Midline sagittal section 
(schematic) 





C A frontal inclined section 
(schematic) 
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Ischioanal Space in Female and Male 


The connective tissue Space below the 
pelvic floor is divided by the levator ani 
and external sphincter ani muscles into 
the right and left ischioanal fossa CD1, 
which are filled with adipose tissue. The 
fat forms a movable pad that is shifted 
downward and sideways during defeca- 
tion and parturition. The medial wall of 
each fossa is formed by the lower surface 
of the levator ani muscle CD2 and by the 
external sphincter ani D3. These muscles 
are covered by the lower fascia of the 
pelvic diaphragm. The lateral wall of the 
ischiorectal fossa consists of the lower 
part of the internal obturator muscle 
covered by its fascia and surrounded by 
the bony frame of the ramus and the 
tuberosity of the ischium. The grooved 
roof of the fossa is formed by the origin of 
the levator ani muscle. Following the 
course of the groove anteriorly there is an 
angle C1 which is bordered medially by 
the levator ani muscle C2 and at its base 
by the urogenital diaphragm C4. The 
pudendal canal (of Alcock) D5a is situ- 
ated within the fascia of the internal 
obturator muscle CD5 near the ischium. 
The pudendal blood vessels and nerve 
follow a rather complicated course: after 
leaving the subperitoneal space through 
the infrapiriform foramen, they Pass 
round the sciatic spine and the sacrospi- 
nal ligament. Then they reenter the is- 
chioanal fossa through the lesser ischiadic 
(sciatic) foramen and finally pass through 
Alcock’s canal toward the symphysis. For 
their further course see pp. 310 and 312. 
C6 Subcutaneous connective — tissue 
Space, superficial perineal Space, in the 
male beneath the deep transverse pcrine- 
al muscle. C7 Superficial perineal fascia. 


Peritoneal Cavity in the Male 


The peritoneum lines the rectovesical 
pouch A8 behind the bladder, the lowest 
point in the peritoneal cavity in the male. 
The pouch extends to the fundus of the 
seminal vesicles at the level of the trans- 
verse fold (of Kohlrausch) of the rectum. 


In exceptional cases the rectovesical 
pouch may extend down behind the semi- 
nal vesicles to the prostate. Lateral to the 
viscera in the lesser pelvis the peritoneum 
is slightly elevated by the ductus deferens 
Which runs immediately underneath it. 
The entrance into the rectovesical pouch 
is narrowed by the two rectovesical folds 
over the rectovesical muscles. 


Subperitoneal Connective Tissue 
Space in the Male 


The subperitoneal space extends from 
the symphysis (retropubic space A9) © 
the retroperitoneal space A 10 in front 0 
the sacrum. It includes the paracystum 
C11 next to the bladder and the para- 
proctium D12 next to the rectum. The 
prostate and seminal vesicles lie in the 
subperitoneal space. The ureter crosses 
underneath the vas deferens. The 
puboprostatic ligaments, ace 
strands of the pelvic fascia, firmly attac 
the prostate to the pubic bone. The re 
tovesical muscles run in the rectovesic4 
folds. A13 Urorectal septum, C14 exter 
nal obturator muscle. 


Veins of the lesser pelvis. The oe 
peritoneal connective tissue space in e 
sexes contains an extensive venous plex- 
us. It is mainly situated around the ree 
tum and internal female sexual organs or 
the prostate. The vessels drain mainly 
into the internal iliac vein E15, but om 
connected with the afferent portal venoU 
system via the superior rectal vein E 16- 
further connection with the veins of the 
abdominal wall is via the inferior epig@™ 
tric vein E17, E18 External iliac i 
E19 internal pudendal vein, E20 levat© 
ani muscle. 


2. 
Arteries of the lesser pelvis, see pp. 70, Te 
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Connective tissue spaces in 
male pelvis 





A Median sagittal section 
(schematic) 






B Planes of sections 
C and D 


©. Forward inclined frontal sections 
(Schematic) 
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Mitosis and Meiosis 


The cells of the body multiply by mitosis, 
which always produces diploid cells with 
46 chromosomes, 44 autosomes, and two 
sex chromosomes (XX in the female and 
XY in the male). The germ cells prepare 
for fertilization by meiosis (two matura- 
tion divisions), which produce haploid 
cells with 23 chromosomes. The chromo- 
somes A1 contain genetic information in 
the form of strings of deoxyribonucleic 
acid molecules (DNA), each of which 
consists of a spiral double String which 
duplicates before each mitosis and before 


the first maturation division (identical 
reduplication). 


Mitosis commences with a prophase A. 
The chromosomes appear as thin, spiral 
Strings. In the prometaphase B, they con- 
tract further, through spiraling of the 
NA, into Short, dense rods. The two 
chromatids (DNA reduplication) and the 
connective kinetochore are visible on 
each chromosome. In the metaphase C, 
the chromosomes arrange themselves on 
the equatorial plane. In the anaphase D, 
the chromatids Separate, drawn along the 
fibers of the spindle, and the pairs of 
homologous chromatids move in Oppo- 
Site directions towards the centrioles at 
the poles of the mitosis spindles. In the 
telophase E, the Spirals of the chromo- 
somes unwind again, and the cell nuclei 
of the daughter cells F reconstruct them- 
Selves. Like the mother cell, they are 
diploid. 
In meiosis (in contr 
homologous (mate 
chromosomes lie al 
a8 a precondition 
Omologous chro 
change of homol 
tions. As the di 
le in each indi 


ast to mitosis), the 
mal and paternal) 
Ongside one another 
for separation of the 
moOsome pairs and ex- 


somes. In deta 
occurs: 
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Ist maturation division (MD I). The pro- 
phase of MD I requires several days Cres 
24). While the nuclear membrane still ae 
sists, the strings of chromosomes appe"G) 
diploid numbers (the /eptotene stage i 
They position themselves ay ane 
pairs close together (chromosome outa g 
conjugation), in such a way that each pani 
homologous (paternal and Heya | 

chromosomes that belong together in ten : | 

of size and structure lics exactly alae | 

(zygotene stage H). However, since are | 

two paired chromosomes consists 0 ie ) 

chromatids (division halves) due to the oa 

lier DNA reduplication, the pang | 

pairs (bivalents) have altogether four ane ak 
paternal and two maternal) chroma aay 


€ 
These groups of four (tetrads) appear mor 
e es 
quent stage, the diplotene K, it becom 


ow 
and more clearly as the chromosomes gf 
clear at the crossings and exchanges (chi v . Aff 





pachytene stage). When the paired chromo 





increasingly shorter and more dense 
somes now begin to separate in the subs¢ 
: S 
mata) that, during the preceding oe | 
within the tetrads, homologous pieces (pa “Re 
been exchanged between homologous oe: aR 
ternal and maternal) ehromalee ‘cal D ab : 
structuring of the chromosomes (cyto th 
“crossing over”). In the diakinests onju Avr Sine otncdie-schereic 
nuclear membrane disappears. The ¢ ally 
gation partners in the tetrads grade is 
separate from one another completely. — ti 
completes the duplication of the chrom 
and the pairing of the chromosomes. the 
sex chromosomes play no part Mr eome 
changes that occur during gee the 
pairing. In the metaphase of MD sles | 
chromosome pairs arrange them nase | 
along the equatorial plane. In the eau ‘ ) 
M, a homologous chromosome or ds. | 
tetrad then travels with its two chrom et | 
which are still bound to the kinetochore le 
the opposite pole, assisted by the ie two 
fibers. In the telophase N, each of t tota ! 
daughter cells possesses half of ae of : 
chromosomes of the mother cell Ss in 
each homologous chromosome), ae ate | 
each chromosome the two chromaltl 
still bound to the kinetochore. ; 


2nd maturation division (MD II). ool 
short pause, during which the DNA do ivi 

reduplicate, a further nucleus and eas 0 N 
sion takes place, MD II. It is simi” ne 

mitosis. The postponed division ig the 

kinetochores is now carried out, i. wee qual 

anaphase 0 of MD II the indi oho 

chromatids of the set that has are the 

ploid during MD I is distributed ' 

daughter cells, as in normal mitosis. O 


oem mee 


im fs ; vee 
(=e) , : | | 
a , ° : . 
cc ee ree 
s s 
‘ N 
¢ 
t 
1 
\ 
. é 
“ of 
~ 
Tee Se 









Rp ( ivisi hematic 
T in the 1st and 2nd maturation divisions, sc 
m hromosomes in I ; 
(rom) Tananan Medeniechs Embryologie, 8th ed., Stuttgart: Thieme, 1989) 
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Fertilization 


A total of four mature germ cells (ga- 
metes) are produced during the two steps 
of division involve in meiosis (see p. 318). 
Both the number of chromosomes and 
the DNA content have been reduced to 
half in their nuclei. In addition, the 
chromosomes have been restructured 
due to the processes involved in the 
prophase of MD I, and recombined by 
random redistribution during MD I and 
MDII.DNA reduplication only occurs in 
connection with fertilization. This is 
based on a union of the haploid female 
and male gametes into a diploid cell 
capable of mitotic division (the zygote), 
the cell nucleus of which is composed of 
€qual proportions of maternal and pater- 
nal chromosomes. During impregnation 
(penetration of the Spermatozoon into 
the ovum), the ovum is still at the stage of 
the 2nd maturation division 1; this stage is 
terminated by insemination. The polar 
corpuscle 2 has also divided, forming an 
additional polar corpuscle 3, 


The journey of the spermatozoa precedes 
fertilization, and its course is basically 
determined by the hormonally regulated 
milicu in the female genital tract. 
Chemotactic attraction is also thought to 
be involved. The influence of estrogen 

ucous plug in the external 
activates 
sperm cells that 
ndergo a process 
, also stimulated by es- 
& some seven hours, at 


©Orporated into 
ovum, which ha 





sion of the plasmalemmata 6). The pene- 
trating sperm cell 7 is freed from plas 
malemma. 


The ovum reacts to contact with bf 
sperm cell and its penetration in a 
ways. A cortical reaction is triggered Yes 
membrane receptors in the ovum’s plas 
malemma; the cortical vesicles of the 
ovum are suddenly caused to discharge 
their contents into the perivitelline spac. 
8, between the ovum and the zona ee 
lucida and suddenly alter their structu! 
(formation of a fertilization memDit 
ensuring monospermia, as it hag? i 
ditional sperm cells 9 from entering). ! 
2nd maturation division, commencite 
with ovulation, is terminated, and of 
haploid nucleus swells up to become ! 
“female prenucleus” 10. 


Contact between the sperm cell and a“ 
ovum leads within a few seconds ao 
depolarization of the ovum’s membra 
and activation of the metabolism ages 
thening oxidative phosphorylization, 5 
crease in ATP, etc.). The translation 7 
preformed RNA begins, new RE ) 
formed, and protein synthesis is ane 2 
The sperm cell, which has penetrate 
far as the “female prenucleus,” losing ; 
tail and ring centrioles in the process, al 
swells up to become the “male Pou 
cleus” 11. The subsequent reduplica 0 
of the DNA occurs separately in the a 
prenuclei. The reduplicated chro “ 
somes of the two prenuclei then arra a 
themselves into a nuclear spin 
originating in the centrioles wacko Be 
the sperm cell. Mitoses 12 are starte 

and the genetic sex is determined. 


ee el 
The genetic sex is determined during ae 
zation by the chromosome pens iasct 4 
The XX heterosomes are characterisy” os ; 
female cell nucleus, and the XY he ftel 
somes are characteristic of a male ones. Ans 
halving of the chromosome set oval 
meiosis, the “mature” (haploid) ae 
therefore always possesses an X ee 
some, and the “mature” spermatids Print 
either an X or a Y chromosome. jeter” 
fertilization, the sperm cell therefore 
mines the genetic sex of the nucleus. 





Fertilization 
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irsch- ann 
Fertilization processes (from M. Hirsch deel 
M. Schweiger, Biologie fur srg 987) 
€uten und Chemiker, Stuttgart: Thieme, 
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Pregnancy 


The ovum must be fertilized within 6-12 
hours after eruption from the follicle or it 
remains unfertile. Fertilization therefore 
usually takes place within the ampulla of 
a Fallopian tube, or not at all. After 4-5 
days the embryo moves to the uterus. 
During this period it divides into acentral 
accumulation of cells, the embryoblast 
(the embryonic anlage) and an envelop- 
ing cell wali, the trophoblast. Information 
is sent to the hypophysis concerning the 
fact that fertilization has occurred from 
the early embryo, even before implanta- 
tion. Menstrual Processes (see p. 302) 
produce optimal receptivity for the em- 
bryo to implant in the uterine mucosa. 
The mucosa is raised, rich in blood ves- 
sels, and relaxed, and the embryo can 
penetrate it and find nourishment (histo- 
troph). The embryo becomes embedded 
with the help of enzymes in the mucosa of 
the uterus AB 1, either into the posterior 


2 or the anterior D3 wall of the Cavity 
of the uterus, 


The trophoblast (“chorion” of later preg- 
nancy) AB4 forms villi of which only the 

asal Ones continue to gTow (embryonic 
component of the placenta) C4, They fuse 
with the basal Part of the endometrium: 
the combination is called the “decidua” 
(maternal part of the placenta) C5. The 
{wo parts together form the disc-shaped 
placenta, the Organ which is attached to 
the embryo through the umbilical cord. It 


C7 uterine muscle. 


In the embryoblast a cay 
and above the embryo — 
Ine) sac and the amnioti 


Growth in length of the em 


ity forms below 
the yolk (vitel- 
C sac. The vite/- 


é bryo or fetus: 

; mie 7 CM vertex to coccyx 
cm verte 

ie X to coccyx 


cm vertex to heels 
cM vertex to heels 
cM vertex to heels 


7 
gmonth (4x4)16 
5 month (5x5)25 





line sac C8 degenerates into a vesicle but 
the amniotic sac BC9 grows together with 
the embryo AB10, called a fetus C10 
after the third month. The amniotic cavi- 
ty contains the amniotic fluid which 
amounts to 1 liter at the end of pregnant 
cy. The fetus floats in this fluid and 1s 
attached only by the umbilical cord. The 
amniotic fluid prevents the embryo noF 
fusing with the amnion, cushions : 
against mechanical influences, and oT 
ables the fetus to move. During birth, ! 
fills the amniotic sac (p. 329, C1). 


Hormones. The embryo forms choriont¢ 
gonadotropins which have an action sim! 
lar to that of the hormone ICSH CH) 
This compensates for the disappearan¢ 


of LH from the hypophysis at the end of 


the menstrual cycle, and ensures con 
tinuance of the corpus luteum and of the 
endometrial mucosa. Menstruation 
ceases, therefore, from the very beg! 
ning of pregnancy.The corpus luteum ! 
pregnancy keeps the uterus quiescent U : 
til the Sth month of pregnancy i? 
placental hormones take over and t 
corpus luteum degenerates. 


Pregnancy test: the marked increase “d 
chorionic gonadotropin in the urine ane 
serum is the basis for most pregnant 
tests (whether chemical, biological, - 
immunological). In the biological ae 
for example, infantile female animals = 
be brought to maturity by injection 
urine from pregnant women. 


Clinical Tip. Ectopic pregnancies in 
abdominal cavity D11 or in the te 
D 12 show that spermatozoa can je 
into the abdominal cavity and fertill y 
Ova there. A misimplanted pregnan¢ 
can erode maternal blood eer 
cause dangerous hemorrhages. D ” ‘he 
al pregnancy. D14 Implantation o io 
fertilized egg in the isthmus leads 5 
placenta previa, i.e., the placenta 
lodged proximal to the birth canal. 


6month (6x5)30 cm vertex to heels 
7month (7x5)35 cm vertex to heels 
8month (8x5)40 cm vertex to heels 
9month (9x5)45_ cm vertex to ‘bie 
10 month (105)50 cm vertex to heels 
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i ites i topic 
D Implantation sites in ec . 
seeGniancy and placenta previa 


Pregnancy 


Section through the pregnant wl 
A 3 weeks, B 5 weeks, C 8w 





4st—10th lunar months 


=" 
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Placenta 


The placenta develops partly from the 
fetus, from the chorion frondosum. and 
partly from the mother, from the basal 
decidua. 

Structure of the placenta Al. The placen- 
ta matures gradually during the third to 
sixth months of Pregnancy, and grows 
more or less in Proportion to the fetus. 
The chorion, which to begin with is cov- 


ered in vill; Over its wh 
ole surf 
then only has aye tah 


chorion frond 
with a villous Surface of 9-14 m?: the 


er remains undivided, 
Which links the small pots beyond their 


Tom the chorion layer, 15-20 


oe : the fourth 
: Meath it, th 
rophoblast (a layer of Langhans’cells). 


ayer b 
yer beneath jt The Syncytiotrophoblast 


takes y 
P nutrients, hormones, etc., from 


and gives off waste 
Nes into the maternal 
€ Oxygen supplied by the mater- 





nal vessels (BC, red vessels) is transfer 
red to the fetal blood, which gives off 
carbon dioxide (BC, blue vessels) into 
the maternal blood. The cyotrophoblast 
(Langhans'’ layer) BD8 of cells with cleat 
boundaries becomes patchy during the 
second half of pregnancy, and towards 
the end is reduced to about 20%. The 
syncytiotrophoblast and cytotrophoblas! 
are different forms of trophoblast stra 
tion. 


The remainder of the basal decidua BC3:; 
the maternal part of the placenta, 
formed by the basal layer and the place” 
tal septa C4, Via about 200 jet-like arte 
rial openings BC9 in the basal layer, th¢ 
blood enters the intervillous space at 
pressure of 60—80 mmHg, rises quickly 
towards the chorion layer, and ebbs ba¢ 
between the villi again to the wide venous 
openings C10 in the basal layer. The 
functional units in this circulation are t"” 
placentomes, the small pots. 


Placental barrier. The fetal circulation ® 
separated from that of the mother by the 
placental barrier D11 (the mother and the 
fetus can even have different bl0° 
groups). The placental barrier belongs ° 
the fetal part of the placenta; all 9% 
trients, respiratory gases, hormones, !8 } 
antibodies (against several infectious 4! 
eases), and by-products of the fe! 
metabolism that are exchanged betwee" 
the maternal and fetal blood cross th¢ 
placental barrier. In the early placen!® 
the barrier consists of the syncy 0 
trophoblast BD6, the cytotrophoblas 
BD8, the fetal villous connective tiss¥® 
D12, and the endothelium of the feta 
capillaries D13. Later on, it only cons!s : 
of the syncytiotrophoblast and the ©” 
dothelium. 

Macroscopic and microscopic lesions " 
the placenta can cause transfer of the fem 
blood to the maternal blood. With an * 
negative mother and an Rh-posill¥ 
fetus, this causes the mother to becon” 
sensitized, and in subsequent Rh-posil!Y 
pregnancies she may threaten the re 
through Rh antibodies. A14 amnioll 
cavity, C15 amniotic epithelium, 
umbilical vessels (umbilical vein in re¢/: 


yy ——— 


| 
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B Villous structure, 4th week 








A Placenta, end of 3rd week 
C Placenta, 2nd half of pregnancy 
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Childbirth 


The act of childbirth is immediately pre- 
ceded by a drop in the level of corpus 
luteal hormones and a rise in the concen- 
tration of follicular hormones in the 
blood. The progesterone level, which is 
initially maintained by the corpus luteum 
of pregnancy, and then by the placenta, 
and a hormone known as relaxin, prevent 
contraction of the uterine muscle. To- 
wards the end of pregnancy, the muscle 
becomes sensitized to Oxytocin. This sen- 
sitizes the muscle of the uterus to the 
hormone Oxytocin (see p. 154), which is 
then able to trigger off periodic contrac- 
tions of the uterine muscle —/abor. 


The baby with its body bent and its legs 
crossed is “parcelled” ready for birth. As 
the head has the largest diameter of any 
part oi the baby’s body, once it leaves the 
birth canal the remaining parts of the 
body follow easily. Al Uterus, A2 
Placenta (the umbilical cord is not visible 
behind the baby), A3 internal orifice, A4 


€xternal orifice of the cervix, A5 bladder, 
A6 rectum A7 Vagina. 


Mechanism Of Childbirth 


Birth in the occipito-posterior presenta- 
tion 1S the most common form: In 
Primiparae the head of the baby descends 
Into the entrance to the pelvis at the end 
of Pregnancy, whereas in multiparae it 
enters the pelvis Only with the beginning 


mal female pelvis the 
, the transition from the 
greater to the lesser pelvis, the terminal 
line B8, see Vol. I) is an Oval with a 
transverse axis. The pelvic outlet between 
the symphysis C 9, the tuberosities of the 


aby on its way 
0 undergo a 90° 





screw turn. Further, the head also follows 
the anteriorly concave guideline of the 
pelvis and of its soft tissue — 
tube” C12. In this way the head is guide 

from its initial flexed position into exten- 
sion before passing beneath the symphy- 
sis C9. Subsequently the breadth of the 
shoulders first enters the pelvis with ot 
diameter in transverse position an 

leaves the pelvis with the shoulders 
turned into the sagittal position. This 
means that the head, which has already 
been born, again rotates through 90 a 
the same direction as before. During 7 

process the head is held and suppor ted by 
the obstetrician, who by lowering ane 
then elevating the head “develops 

(brings forward) first the anterior a0 

then the posterior shoulder. 


Soft tissues: The cervix of the uterus, ~ 
vagina and the pelvic floor are rearan 
to form the soft tissue “extension tube 4 
the pelvis. For the beginning and oD. 
sion phases of birth see pp. 328 and 33. 


> = 
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A Section through uterus 
showing baby ready to 
be born 





Childbirth 


; by's head 
Sh De ‘£ Bony pelvis and ba 
ee anes birth (after Bumm) 


C Appearance of head being born (after Bumm) 
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Initial Phase of Childbirth 


Birth takes place in two phases — the 
initial and the expulsion Phases. 


During the initial phase (opening phase) 
the soft tissues (cervix, vagina and pelvic 
floor) which up until then have cooper- 
ated in closure of the genital canal be- 
come remoulded into a wide, soft tissue 
“extension tube”. This initial phase is part 
of the process of labor which now begins. 
Muscle contractions in the uterus follow 
each other at fairly long intervals and do 
not involve any conscious effort by the 
mother. By the labor activity an amniotic 
sac C1is formed. Itis a protrusion of fetal 
membranes (chorion and amnion) lying 
in front of the baby’s head BCD2 into 
Which the amniotic fluid is Squeezed. The 
fixed amniotic sac precedes the baby 
through the birth canal and effects an 
elastic dilatation of the soft tissues, which 
during the pregnancy are loosened by 
infiltration of fluid. Toward the end of 
the period of dilatation of the cervix 
the membranes rupture, the “water” 
(amniotic liquor) drains away and the 
contractions of labor begin to follow each 
other at shorter intervals. This is really 
the beginning of the expulsion period. In 
detail the latter consists of coordinated 
activities affecting several structures. 


Cervix of the uterus. Both active and 
Passive factors play a part in dilating the 
cervix. It is forced open passively by 
Squeezing out of the contents C3 of the 
grossly enlarged cervical glands B4 (com- 
pare with A4, glands in the non-pregnant 
women) and of the venous plexus. The 
active reshaping is due, among other fac- 
tors, to the pull of the muscle bundles that 
descend from the uterus into the cervix 
and ascend to it from the wall of the 
vagina (see structure of the cervix uteri, 
p. 300). Rearrangement of the structure 
of the more circular muscle fibers also 
Plays a part. The parametrium affords 
sufficient Space for the dilatation. 


In the Primipara the cervix is opened up 
Step by step from the internal CDE5 to 
the external BCD6 orifice of the cervix 


but in the mudtipara external ostium is 
already open at an early Stage. 


The vagina has a considerably wider lu- 
men than the cervix and in the main is 
passively dilated. Displacement of fluid 
from the tissue and from its vessels both 
play a role, as do alterations in its circulat 
muscle, and connective tissue. AB7 Rec- 
touterine pouch, ABCDES8 posterior for 
nix of the vagina. 


The pelvic floor, which has been softened 
during pregnancy by infiltration of fluid, 
becomes dilated passively by passage ° 
the baby’s head through the birth canal- 
The consequent stretching causes 2 
change in the course of the muscle but 
dles, particularly of those in the levator 
ani muscles F9, Normally the muscle 
shelf of the levator ani on both sides 
forms the border of the genital hiatus 
with the crura of the levator muscle, bv! 
during parturition the muscle shelf of the 
levator ani is pushed down-ward an 
turned by about 90°, so that its uppe! 
Surface comes to lie against the birt 
canal. The transverse muscle plate of the 
deep transverse perineal muscle F10 '5 
altered in a similar fashion and the sag! 
tal bulbospongiosus muscles F11 oi 
widened into a ring. This creates cons! 
erable tension on the tendinous centet 9 
the perineum F12. In order to forestall : 
tear in the perineal muscles the obstetr” 
cian conteracts this drag by pressing ~ 
fingers against the perineum (suppor! 
the perineum). If the tension is cons! . 
ered to be very marked a tear in the 
perineum can be prevented by an incisiov 
in it to relieve the pull (episiotomy). a 
parturition the structures of the pel¥! 
floor are restored to their original — 
and position. F2 Head of the baby, F 
external sphincter ani muscle. 
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Childbirth 





D During parturition as cervix 


C During parturition becomes dilated 


(opening phase) 









F Muscles of pelvic floor 
during parturition 
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Expulsion Phase of Childbirth 


The expulsion phase commences after 
the external orifice of the cervix has 
opened. The muscular contractions of 
labor get Stronger and follow each other 
at shorter intervals. The mother aids ex- 
pulsion of the fetus by actively pushing 
with her abdominal muscles in the 
rhythm of labor (expulsion pains). The 
muscle fibers of the uterus are consider- 
ably shortened during expulsion so that 
they are retracted Over the head of the 
baby towards the fundus of the uterus. 
The muscle of the uterus has its fixed 
point in the anchorage of the cervix uteri 
and in the round ligament of the uterus 
Al on each side. A2 Fallopian tube, B3 


After birth of the head, delivery of the 
anterior and posterior Shoulders and ex- 
pulsion of the rest of the body follow in 
quick sequence. The umbilical cord, 
Which connects the newborn baby with 
the as yet unborn placenta, is then ligated 


ing by the mother and manual help from 
the obstetrician deliver the placenta 1-2 
hours after birth of the child. Bleeding 
from the placental site in the endome- 
trium is controlled by contraction of the 
uterus. If hemostasis is incomplete, C. 8s 
because a piece of placenta has remained 
Stuck to the uterine wall, or because : 
general atony, the mother is in danger 0 
bleeding to death. Therefore, the obste- 
trician must be satisfied that the materia, 
of part of the placenta is complete, ae 
otherwise remove any remaining parts . 
the placenta from the uterus. The wer 
membranes which have been torn i! 
bursting of the amnion remain attache 
to the placenta. 


Involution. Involution of the uterus and 
restitution of its normal structure take 
place during the puerperium (the in 
mediate post partum period). im 
perineal muscles retract into their ae 
nal position in a matter of hours. The pil 
of the uterus is quickly reduced by a 
generative changes: after only 10 days th 
fundus has descended to the level of oie 
symphysis, the placental site in the cs 
dometrium becomes covered : 
epithelium and the internal orifice of io 
cervix closes. Up to that moment there . 
a discharge from the endometrium, =i, 
led the lochia, which is at first bloo¢ 
Stained but later is paler and serous 1” 
nature. The body mobilizes local an 
general defense mechanisms as a protec 
tion against ascending infections er. 
puerperal fever). The blood vessels of t 
uterus are partly adapted to the reduce 
requirement for blood flow by thickeniné 
of their walls, and partly they disappea'- 


The size of the uterus. C: Red = immecr 
ately after parturition; blue = 5 days; 
black = 12 days after parturition. 
















Childbirth 331 


A Uterus in expulsion phase 
of childbirth 


i irth canal, 
ction through bi 
: oulston phase (after Bumm) 


i f uterus 
Regression (involution) o 
° her childbirth (after Bumm) 
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Fetal Circulation 


Placenta. The fetus receives oxygen, nu- 
trients etc. from the maternal blood into 
Which it returns CO, and waste products 
of metabolism. Proteins can also be ex- 
changed between the fetus and the 
mother (e. g., immunoglobulins and insu- 
lin). The placenta A1 is the connecting 
Organ through which all materials are 
exchanged. The villi of the placenta (with 
4 total surface about 7m?) float in small 
pot-shaped chambers filled with maternal 
blood. The gases and solutes must Pass 
right through the epithelial cell layer 
(syncytiotrophoblast and cytotropho- 
blast), through the connective tissue and 
through the capillary wall of the villj (= 
“placental barrier”), Usually there is no 
mixing of maternal and fetal blood. The 
mother and her baby may have different 
blood groups. In fact, loss of blood from 
the fetal placental vessels into the mater- 
nal circulation May Occur. 


Fetal circulation, Fetal blood which has 
taken up Oxygen in the placenta flows 
through the umbilical vein A2 beneath 
the liver. A small proportion flows 





so into the peripheral arterial circulation. 
Very little blood flows through the lungs. 
AB12 Pulmonary arteries. AB 13 the pul- 
monary veins, AB 14 the superior vesical 
arteries. 


Changeover of the circulation after birth 
(compare A with B). The chinge from 
the fetal to the postfetal circulation takes 
place after birth. The blood pressure In 
the aorta rises with the closure of the 
umbilical blood vessels AB15, which 1s 
brought about by contraction of the ves 
sel wall and ligation of the umbilical cord 
The partial pressure of CO) in the baby's 
blood rises and stimulates the respiratory 
center in the brain. With the onset of 
pulmonary breathing (the first “cry”) the 
lung expands and the resistance in the 
pulmonary circulation drops. The 
pressure gradient causes a reversal of the 
blood flow in the arterial duct and the 
pulmonary circulation becomes fille 

with blood. The backflow of blood from 
the lungs increases this pressure in the left 
ventricle and effects mechanical closure 
of the foramen ovale by drawing its flap- 
shaped borders closely together. The 
arterial and venous ducts close, mainly by 
contraction of the muscles in their walls. 


The umbilical vein A2 becomes the 
ligamentum teres hepatis B2, the venous 
duct becomes the venous ligament of the 
liver B3, the ductus arteriosus A 11 be- 
comes the ligamentum arteriosum BU 
the umbilical arteries A 8 become oblite!- 
ated to form the medial umbilical liga- 
ments B8, 


B4, 5 Inferior vena cava, B7 aorta, BY 
superior vena cava, B10 pulmonary 
trunk. 







Pregnancy 


B Transformation of fetal 
circulation after birth 


A Fetal circulation 
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334 Female Breast 


Female Breast and Mammary 
Gland 


The breast (mamma) and the mammary 
gland are structures of the skin, but as the 
female mammary gland has a close func- 
tional connection with the genital organs 
It is discussed in the present context. 


The mammary gland of the newborn (of 
either sex) is still under the influence of 
the maternal hormones. It is, therefore, 
still relatively large for the first 3 weeks 
and it may discharge a few drops of a 
milklike secretion (“witch’s milk”). The 
gland grows only slowly during childhood 
but with the onset of puberty its develop- 
ment accelerates. After the early stage of 
a “budding” breast, the typical breast 
shape develops later with increased de- 
Position of fat. The gland grows consider- 
ably during Pregnancy, toward the end of 
which it begins to secrete milk. After 
weaning the gland undergoes spontane- 


ous regression with increasing formation 
of connective tissue. 


The mature breasts are shaped like slight- 
ly deformed hemispheres (bowl, hemi- 


la, They are movable Over the chest wall 
pant the pectoral fascia (see D) and 
re are approximately symmetrical in 

CIF position and formation. Frequently 
a Process of the mamma, the processus 


“i vies 
frounding circular area, the areola, are 


usually some 
mented the what more darkly pig- 


Particular] 





borne a child. Only :he tip of the nipples 
remains free from pigment. In_ the 
periphery of the areola there are 10-15 
tubercles (areolar glands, Montgomery 
glands) arranged in a circle. They contain 
apocrine, eccrine and sebaceous glands 
and their secretion is increased during 
lactation. 


Variants: the presence of more or less well 
developed supernumerary mammary glands 
(accessory mammae) is known as hypermas- 
tia. If only accessory papillae are present, 
this is known as “hyperthelia” 0 
“polythelia”. The accessory glands also take 
part in the changes which accompany pubet- 
ty and pregnancy. Their positions are show? 
in E, 


Clinical Tip. Disturbances of mobility of 
marked asymmetry of the breasts or 9 
the position of the nipple may be cause 
by disease of the breast (e. g., cancer) of 
of the locomotor system. The figures In 
indicate the relative frequence of cancer iM 
each quadrant of the breast (afte 
Bailey). 


Male Breast 


The basic structure of the male breast and 
mammary gland corresponds in princip! 
to that of the female, but it remains 
relatively undeveloped. The gland is only 
about 1.5cm wide and 0.5cm thick. It 
possible to develop the mammary glan 
in the male by administration of femalé 
sex hormones. During puberty the breas! 
may temporarcly show a more marke 
development — gynecomastia. Rudiments 
of supernumerary mammae can also 0& 
cur in men. 
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B Female breast in relation to 
thorax (chest) 


C Extension of mammary gland into 
axilla and frequency of breast cancer 


(after Bailey) 





E Rudiments of supernumerary 
breasts and nipples 





D Mobility of breast 
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Skin 


The outer skin (integument) covers the 

external surface of the body, an area of 

about 1.6m’ in the adult. At the orifices 
of the body the skin is continuous with the 
mucous membranes, and makes up about 

16% of the body’s Weight. The skin as an 

organ performs many different functions: 

— Itprotects the body against mechanical, 
chemical and thermal injuries by its 
epithelium which, with the help of 
glandular secretions, affords protec- 
tion against invasion by many 
pathogenic microorganisms, 

— By its content of immunologically ac- 
tive cells it takes part in the defense 
mechanisms of the body. 

-— It maintains body temperature by 
means of variable blood circulation 
and by the discharge of fluids (sweat) 
from its glands, 

~ The skin also playsa controlling role in 
regulating water balance, because it 
both protects the body against desicca- 
tion and provides a route for loss of 
fluid and mineral Salts via the secretion 
of its glands, 

— The skin, through its sensory innerva- 
tion, acts also as sense organ for the 
perception of pressure, temperature and 
pain. 

~ The facilities of blushing, pallor, 
Piloerection ete. make the skin a com- 
municating organ of the autonomic 
Nervous system. 

The skin also shows electrical resistance, 

Which changes under emotional stress, 

because of emotionally conditioned se- 

cretion by the skin glands. This phenome- 
non forms the basis of the lie detector test. 

€ skin is of special medical interest 
because more than any other Organ it is 
accessible to observation and because it 
contributes to the symptomatology of 
many systemic diseases, €.g., cyanosis 

lue coloring) in heart disease, circum- 
scribed erythemata and rashes in infecti- 

Ous diseases etc, 


Particularly when clothes made of artificial 
ibers are worn in a dry atmosphere, the skin 
May become clectrostatically charged up to 
4 potential of 1000 volts. 


The skin possesses intrinsic elasticity and 
is characterized by its cornified 
epithelium, but its overall structure vat- 
ies at different sites on the body surface. 
It forms “spare fold” over the joints, 1t 1s 
thicker over areas exposed to greatel 
mechanical stress (e.g., palm of the 
hand, sole of the foot, the back) than 
Where there is less stress (e.g., the 
eyelids). 


Skin surface (epidermis). The a, 
part of the skin shows polygonal areas; 
their summits the sweat glands open. 
Hairs with their sebaceous glands standin 
the furrows between the polygonal areas. 
In some parts of the body scent glands are 
also present. The skin over the palm 0 
the hand and the sole of the foot gt 
parallel ridges separated by furrows, all 

Sweat glands lead into the ridges. oe 
sebaceous and scent glands are abse? 
from the palms and soles (see p. 344). 


Skin color. The color is determined mai! 
ly by the four components in the skin: A@ 
brownish black pigment, melanin shan 
the melanocytes; B carotene from foo ; 
C oxygenated hemoglobin (in Ov-ric i 
arterial blood) and D deoxygenale ‘ 
hemoglobin in venous blood in the 
cutaneous vessels. 


These components show characteristic loe# 
differences in concentration, which may 
due to the environment, e. g., solar radia 
tion or food rich in carotene. Melanin ed 
mentation is stronger in the skin of ai 
axilla, the external genital Organs, the me 
side of the thigh, and in the perianal ce? 
Carotene produces a yellow tone mainly 
the face, palms of the hands, and soles of s 
feet. The red color of arterial blood ae 

mines the skin color of the face, ge 
soles, upper trunk, and buttocks. The b he 
color of venous blood predominates in S 

lower trunk and backs of the hands and feet: 











A Melanin B Carotene 
ela 





C Arterial blood D Venous blood 


Distribution of color components in living skin 
(after Edwards and Duntley) 








340 Skin 
Layers of the Skin 


The skin (cutis) consists of the epidermis 
AC], a stratified, cornified Squamous 
epithelium, and the dermis (corium) 
ACF2, a layer of connective tissue. The 
dermis contains the papillary layer, in 
which the papillae are interlocked with 
the epidermis, and a reticular layer, which 
gives the skin resistance against tearing. 


The subcutis (tela subcutanea) A3 forms 
the connection with the structures which 
lie beneath the skin, such as fascia and 
periosteum. It frequently contains fat. 
The major blood vessels and nerves of the 
skin lie in the subcutis (see p. 344). 


Epidermis 


The epidermis is 0.04—0.2 mm thick, and 
0.75—1.2mm in the palms of the hand 
and soles of the feet (glabrous skin). On 
calluses it can be 2mm or more thick. The 
fine relief of the epidermis allows a dis- 
tinction to be made between glabrous 
skin (palms of the hand, soles of the feet) 
and hairy skin (the remainder). 


Glabrous skin: A4 eccrine sweat glands, 
A5 lamellar nerve endings (Pacchioni’s 
corpuscles), 


Hairy skin: B6 hair, B7 sebaceous 
glands, B8 muscle to erect the hair (ar- 
rector pili), B9 apocrine scent glands. 


The basal cells, arising from mitoses with 
diurnal variations, undergo a step-by- 
step transformation as they ascend to- 
wards the surface which leads to keratini- 
zation and the formation of epithelial 
layers. The journey of the keratinizing 
cells, the Keratocytes, to the surface takes 
around 30 days. A distinction is made 
between the regeneration layer, the 


Keratinizing layer, and the Keratinized 
layer. 


The stratification of the epidermis is best 
developed in glabrous skin and is hardly 
developed at all in hairy skin. 


The regeneration layer (stratum ger- 
erative) consists of high basal cylin- 
tical cel]s (stratum basale F10) and 





——(— EEE 


many successive layers of larger, rounder 
or polygonal cells which are attached to 
each other by spine-shaped desmosomes 
(stratum spinosum or spinous layer F 13). 
Intercellular spaces may be seen between 
the “spines”. The lower cell layers con- 
tain melanocytes F11 and Langerhans 
cells F 12, as well as Merkel’s tactile disks 
(see Vol. 3). Melanocytes produce the 
pigment melanin which is deposited in 
the basal epithelial cells. There is one 
melanocyte for each 4—12 basal cells. 
Melanin protects the basal cell layer, with 
its cells constantly in mitosis, against 
dangerous UV irradiation. They marked- 
ly branched Langerhans’cells F12 of the 
immune system can bind antigens. In the 
stratum spinosum F13 the intracellular 
tonofibrils are anchored in the desmo- 
somes E, 


The layer in which keratin is produced 
includes the granular layer F14 and the 
stratum lucidum F 15. The epithelial cells 
of the narrow granular layer contaif 
numerous lamellated granules an 
basophilic, keratohyaline granules, an 
the cells in the equally narrow stratum 
lucidum are filled with an acidophilic 
substance, eleidin. The lipids of the 
lamellated granules which are secreted 
into the intercellular space form a barriet 
to protect against fluid loss. At the same 
time lipids from the surface of the skiN 
may spread in the intercellular space 
(ointments). Keratohyaline granules an 
eleidin are stages of keratinization. 


In the keratinized layer F16, the epithe 
lial cells and the horny substance fuse int? 
plates, which are finally desquamated 4 
horny squames. They are acid-resista”! 
but swell in alkalis (soap suds). The co™ 
nification is controlled by the level ° 
vitamin A in the body; in vitamin 
deficiency overcornification (hype! 
keratosis) occurs. 
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Dermis 


The dermis (corium) is a dense network 
of collagen fibers, intermingled with elas- 
tic fibers. This enables the skin to with- 
stand stretching and to return to its nor- 
mal form after deformation. Leather is 
made from the dermis of tanned animal 
skin (“leather skin”). The elasticity of the 
skin is mainly due to changes in the 
alignment and angles of the collagen fiber 
network of the dermis. The elastic fiber 
network is responsible for rearrangement 
of the fiber layers after deformation of 
the skin. The following structures are 
located in the dermis: hair roots, glands, 
blood vessels, connective tissue cells, free 
cells of the immunologic system and 
neural structures. On the basis of the 
fiber arrangement two layers may be 
distinguished in the corium, the papillary 
layer and the reticular layer. 


The papillary layer (stratum papillae) 
borders directly on the epidermis and is 
interlocked with it by projections of colla- 
gen fibers, the connective tissue papillae. 
These penetrate into corresponding in- 
dentations in the epidermis and thus 
counteract shearing forces on the epider- 
mis, see B. The height and number of the 
papillae are consistent with the mechani- 
cal strain on that part of the surface of the 
body; thus, there are very few in the 
eyelids, but they are well developed over 
the knees and elbows. 


In hairy skin (cf. p. 340) the papillae are 
often poorly developed. They lie in 
groups connected to hair follicles and the 
ducts of the sweat glands, making struc- 
tures such as cockade-like, epithelial 
ridges and rosette-like epithelial mounds. 


Glabrous (hairless) skin (cf. p. 340) has 
tall papillae. In a cross section of each 
ridge, 2 connective tissue papillae can be 
seen to project into the epithelium. The 
epithelial trough between the papillae 
Carries the opening of the sweat gland 
duct. The glabrous skin has neither hair, 
sebaceous glands, or apocrine glands. 


The sweat glands open at the level of the 
epidermis. 





The reticular layer is « continuation of the 
papillary layer with the subcutis. It con- 
tains interlacing bundles of the strong 
collagen fibers that are responsible for 
the resistance of the skin to mechanical 
stress. The direction of the collagen fiber 
network differs in different parts of the 
body. A pinprick in the skin produces a 
slit rather than a circular hole. The dire¢- 
tion of the line of the split differs accord: 
ing to the different tensions in the skin. 
Systematic investigations have revealed a 
system of preferred lines for incisions (see 
A), which also indicates differences in 
tension in the skin. 


Clinical Tip. If an incision is made at right 
angles to the course of the lines, the 
opening in the skin will gape. Surgeons 
try to make incisions in the direction of 
the lines in order to hasten healing and to 
improve the cosmetic result. 


If the living skin is considerably over 
stretched, e.g., the skin over the abdo- 
men during pregnancy, ruptures occur 19 
the structure of the corium which become 
visible as pale stripes, so-called distension 
striae. 


The ridges of the skin are duc to the 
papillae of the papillary layer being at 
ranged in rows. This arrangement !$ 
genetically determined and is characters” 
tic for each particular individual. Th! 
fact forms the basis of finger printing 
(dactylography) as a means of identifica 
tion in criminal investigations. Four ma!” 
but variable types of ridge patterns on the 
finger tips can be distinguished: arch ©* 
loop Cit, whorl CUM and double looP 
CIV. 





= SY (after Benninghof) 
ye 








\)} A Lines of incision in skin \) 





B Interlocking of epidermis with 
papillae of corium 
(after W. Schmidt) 
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Subcutis 


The subcutis provides the connection be- 
tween the skin and the superficial fasciae 


of the body and is the basis of the mobility 
of the skin. 


The subcutis is a fat store and an insulator. 
Fatty tissue is subdivided by dense connec- 
tive tissue strands, like a quilt, into “shock 
absorbers” as an integral part of the struc- 
ture, €.g., in the sole of the foot. More 
often, the fat is just a deposit, c.g. asa fatty 
cushion, the panniculus adiposus under the 
skin of the trunk. The distribution of fat over 
the body surface is genetically determined 
and is under the control of several factors, 
including hormones (sex differences in local 
distribution of the panniculus adiposus). By 
means of connective tissue strands, retinacu- 
la cutis, the subcutis may connect the skin 
with the underlying tissue. In some places 
the subcutis is loose and free of fat, 6.2, 
eyelids, external ears, lips, penis, scrotum 
etc. Over the face and scalp, the skin is fairly 
adherent to the underlying muscle and ten- 
don; this is the anatomic basis of mimicry. 


Blood Vessels of the Skin and 
Subcutis 


The arteries Al forma network between 
the cutis and the subcutis from which 
branches descend to the hair roots and 
the sweat glands A2. Other branches 
ascend to the papillary bodies where they 
form a subpapillary plexus from which 
capillary loops A3 penetrate into the 
papillae. The density of the loops varies 
from 20-60 loops per mm2. The capil- 
laries are kept open because the pressure 


within the tissue is lower than the blood 
pressure inside the capillaries. 


Clinical tips: If the external pressure rises 
to 60-80 mmHg or more, as it may do 
between the skin and the bed during 
bedrest, then the main capillaries become 
occluded. If this is Prolonged, then nutri- 
tion of the skin becomes so impaired that 
bedsores (decubitus) result. 


The veins Ad form netw 
papillae in the corium a 
cutis and the subcutis 
plexus AS). The Tat 
them is influenced 
Stomoses, 
Small arte 


orks below the 
nd between the 
(cutaneous venous 
€ of flow through 
by arteriovenous ana- 
At the ends of the fingertips, 
movenous glomus organs are 





present (see p. 42). The lymph vessels 
form three plexuses. 


The blood vessels serve both for nutrition “ 
the skin and temperature control. Lge a 
temperature gradient between the ihe 
which is mostly warmed in the liver gh a‘ 
muscles, and the peripheral blood. Lass 
regulated by the arterioles and ago 
nous anastomoses of the skin. A hig 
blood flow results in a greater heat 7 ya 
in increase in temperature of the ee 
shell”. If blood flow falls, there is a reduc ee 
in heat loss and in the body shell aaa i 
ture. The “central core” of head and mee 
always maintained at constant tempera 


Glands of the Skin 


The glands of the skin C like the bali 
nails, are appendages of the skin. vee 
are situated in the corium cage te 
‘Glands’ p. 150). The eccrine os 
glands D, coiled glands, of which t a 
are about 2 million in the body are SS 
ubiquitous, but there are more on bee 
forehead and sole. They are ae 
tubules with a straight outer end. T he 
acid secretion (pH 4.5) impedes ni 
growth of bacteria (protective acid mé " 
tle) and by evaporation aids thermore 

lation. Sweat also provides a roule a 
elimination from the body for sg 
substances (salt content ca. 0.4%, as b 
to 0.03%). The apocrine sweat ea ae 
(scent glands) are present in orate 
cumscribed hairy areas, namely the “ _ 
lae, mons pubis, scrotum, labia : 
around the anus, and at the mamma. i 
glands are branched and have sine 
creting acini. Their alkaline ae 
contains aromatic substances. Becaus ire 
the absence of the protective acid wes 
at those sites infections (sweat ag 
scess) are liable to occur. cacao 
the scent glands commences at pu ally 
The holocrine sebaceous glands F mie 

Originate from hair rudiments gore 
into the hair funnel of the hair fol! , 
They are berry shaped and one 

stratified epithelium. The sebum for a 
in them, of which 1—2 gis pieancen ee 
day, lubricates the hair and the ne a 
skin and has an antibacterial effect du 

its fatty acid content. 








Vessels and Glands of the Skin 





. in" hell" 
B Isothermal zones in “bodys 
(after Aschoff and Wever) 
left — low outer temperature 
right — high outer temperature 
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Hair 


Hair (pili) serves the sense of touch and 
provides for preservation of heat. It is 
Only absent from a few skin areas (the 
palms, soles, and some parts of the exter- 
nal genitalia). The lanugo hair of the 
fetus is short, thin, unpigmented and has 
its roots in the corium. Postnatally, it is 
replaced by a covering of intermediate 
hair in children, most of Which in its turn 
is replaced by terminal hair, particularly 
during puberty. Terminal hair is longer, 
thicker, pigmented, concentrated in 
specific areas and rooted in the upper 
subcutis. It comprises mainly the hair of 


the scalp, the axilla, the pubic hair and 
the beard. 


The terminal hair Projects obliquely 
above the surface (vortex) from its cylin- 
drical root sheath into Which a sebaceous 
gland A1 opens. Above the gland is the 
hair funnel, below it is a smooth muscle, 
the arrector pili muscle A2, which ex- 
tends to the undersurface of the epider- 
mis. This muscle can erect the hair (hair 


raising, goose pimples) and can compress 
(squeeze) the sebaceous glands. 


Fine structure. We distinguish the hair 
root A3, the hair bulb A4, which rests on 
the connective tissue of the hair Papilla 
AS, and the hair Shaft A 6, which extends 
above the surface of the skin. The bulb, 
papilla and the surrounding connective 
tissue are called the hair follicle. 


type of keratin 
from a deep cir- 
in the epidermis 
f the keratin, the 
8 is the epidermal 


nourished by the hair papilla. The papilla 
matrix of the hair 





elongated cornified cells stuck tages 
by tonofilaments. Thick hair contains 
less cornified medulla. 


er ‘ ” la- 
e color of the hair is mainly due to mel 

bs which is produced by the ape 
the matrix which deliver it to the cells 0 ee 
hair bulb (compare p. 340). When wii 
turns gray production of melanin by rane 
cytes ceases or they just perish. If air bu ee 
enter the center (central canal) of hair it ct 
looks white. In the albino, clebbtetie e 
melanocytes do not produce any melani 
all because of a hereditary anomaly. 


Gre vth of the hair. The hair ae o 
cycl -s: a period of growth is pollen 
period of involution and rest after we of 
the hair is shed. Normally about 80% ; 
the hair follicles are in the growing ane 
and 15% are at rest. There is a — 
50-100 hairs a day. The ie 
retreat temporarily, the hair bulb B = 
detached from the papilla and gut 
out, compare BCD (“clubbed hi ‘be 
D11). From the cells which remain ere 
attenuated papilla C12 a new bulb i 
rises from which the new hair gro a 
Terminal hair grows about lcm ie 
month and single follicle can remain 
months and even years. 


The hair cover E is under the control © 
hormones. Typical of the male is ar sae 
boid configuration of the pubic 1), 
which ascends to the umbilicus (nav ie 
hair covering the inside of the thigh, ms 
chest and, of course, the beard. eT che 
many individual variations. Typical i 
female is the triangular shape of the en 
hair and the absence of terminal hair “i 
the trunk. In patients with seni 
disturbances (e. g., of the adrenal rt : 
a male-type hair cover can develop 
female (hypertrichosis, hirsutism). 














B C D Hair loss and regeneration 
(after Aubertin) 
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Nails 


The nails (ungues) protect the phalanges 
of the fingers and toes and give them a 
sense of touch by providing a counter 
Support against pressure exerted on the 
tactile elevations. If a nail is lost, there is 
a diminished sense of touch in the af- 
fected phalanx. 


The nail is about 0.5mm thick. It isa 
horny plate of the epidermis, which rests 
on the nail bed and is anchored in the 
hyponychium. It consists of polygonal, 
cornified scales, tightly packed like roof 
tiles. Three layers of criss-cross tonofi- 
brils are fused in the Structure. The nail 
body has a free margin in front, and 
laterally and posteriorly it is surrounded 
by a skinfold, the nail wall BC1. The 
latter forms the nail pocket which is about 
0.5cm deep in the region of the nail root 
B2. An epithelial Cuticle, the 
eponychium, grows from the free Margin 
of the nail wall onto the surface of the 
nail. The lateral margins of the nail are 
embedded in the nailfold. 


The nail bed is the epithelial tissue below 


the nail root, from Which the nail grows 
constantly at the rate of 0.14 to 0.4mm 
per day. The proximal part of the nail bed 
lies deep in the nail pocket and the distal 


convex distally, 
distal to the lunula A3 as the dark red 
hyponychium A4, which 
through the nail. It is 


is visible 





Skin as a Sense Organ 


The skin is amply supplied with nerves. A 
small proportion of them are autonomic 
nerves which supply the glands, but the 
majority are sensory nerves. The nerves 
make the skin a vital and indispensable 
sense organ for the sensations of touch; 
pain and temperature. The sensory oe 
ceptions and indeed the sensory ans 
vary in their distribution over agent 
parts of the body. Distinct types of a 
corpuscles are concerned with particu 2 
sensations. Figure D gives a general ide 
of these distinctions (details in Vol. 3). 


Regeneration and aging. The skin o 
considerable powers of regencration. 

ter skin lesions the immune cells in the 
corium deal with local infection, ne 
capillaries and the connective tissue 
generate, the epithelium grows from - 
edge of the lesion over the a me 
connective tissue and a scar is formed. 
first the reddish color of the scar is due is 
increased capillarization, but later ae 
ish collagen fibers are visible through os 
epithelium. The appendages of the s d 
(the glands and hair) are not form 
again in scar tissue. 


The manifestations of old age in the nt 
are mainly those of atrophy: the wae? : 
the skin become thinner and the pap! i 
flatten. There is an associated bcm # 
in the chemical composition of hoi 
connective tissue substance, reste 
paucity of fluid and loss of elasticity int * 
elastic fibers of the corium and the su a 
cutis. As a result skin folds which ne 
been lifted from the underlying tissue at 
slow to disappear. Irregular (random 
spots of pigmentation also appear. > 
traviolet radiation (“mountain sun ) 
celerates the skin’s loss of elasticity. 
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Boldface page numbers indicate extensive coverage of the subject 


A 


Acinus, liver 236 

~ lung 134f 

~ Mucous (salivary glands) 
202 oe 


~ Scrous (salivary glands 
a ( ry g ) 


~ ~ Ebner half moons 202 
~ - Giannuzi half moons 
202 

Acrosome 278 

ACTH (adrenocortico- 
tropic hormone) 162f 

Adenohypophysis 152ff 

Adipose tissue 92f 

Adrenalin 162 

Adtenogenital syndrome 


i ventiila, blood vessels 


~ pharynx 204 
granulocytosis 82 

Air cells, ethmoidal 112 

Alveoli, lungs 134f 

~ teeth 184 

Amniotic cavity 322 

~ fluid 322 

~ Sac 298, 328 

Ampulla, ductus deferens 
280 


~ hepatopancreatic 238 
~ rectal 70, 232 
~ tubae uterinae 294 
Anastomoses 20, 42, 50 
~ arteriovenous 42 
~ ~ direct 42 
~ — multiple channel 42 
~ Portocaval 250 
Androgen(s) 160, 170, 278 
nemia 82 
ngina pectoris 18 
ngle, venous 44, 64, 80 
Antechamber, heart 4 
Antibodies 88ff 
pameesantibody reaction 


Antigens 88f 

Antrum, follicular 292 
~ maxillary sinus 178 

~ Stomach 212, 216 
Anus 226, 232, 306, 312 
~ closure of 232 


Aorta 4f, 8, 28f, 36, 48, 70, 
130 

— abdominal 48f, 72, 212, 
252f 

- ascending 48 

- descending 48, 210 

— direct branches of 48 

— thoracic 48 

— sinus 10, 18 

Aortic knob 30 

— narrowing 208 

—- valve 26 

— window (radiograph) 28 

Apex cordis 6 

Aponeurosis (of the 
palate) 204 

— linguae (of the tongue) 
196 | 

Appendix(ces) of epididy- 
mis 274 

- epiploic 226 

fibrous 234 

mucosa 104 

of testis 272f 

- vermiform 104, 218f, 
226, 230 

APUD-system 128, 138, 
164, 172 

Arch(es), aortic 6, 30, 48, 
128, 132, 138, 210 

— arterial of the great cur- 
vature 242 

— dental 184 

— palatoglossal 198 

- palatopharygeal 198 

- palmar deep 68 

- — superficial 68 

— plantar 74 

Area cribrosa (of kidney) 
260 

— gastric 216 

— nuda (bare, of liver) 234 

Areole of breast 326 

Artery(ies) 4, 36 

- alveolar inferior 56 

— — superior anterior 56 

- — — posterior 56 

— angular 54 

- appendicular 230, 246 

~ arcuate of foot 74 

- -— of kidney 256, 260 

- auricular posterior 54f 

— deep 56 


- axillary 66 

— basilar 52, 58 

— blocking 42 

- brachial 66f 

— branchial 46 

- bronchial 130 

-— buccal 56 

- carotid common 6, 48, 
52ff, 132, 210 

- — — left 48 

- — external 54f 

- - internal 54ff, 114, 156 

- central retinal 58 

— cerebellar inferior 
anterior 58 

~— - — posterior 58 

— — superior 58 

- cerebral anterior 58 

— — middle 58 

— — posterior 58 

- cervical ascending 52 

- -— deep 52 

— choroidal 58 

- ciliary 58 

— circumflex femoral later- 
al 72 

—- — — medial 72 

— — of humerus anterior 66 

- — — posterior 66 

- — iliac deep 72 

— - — superficial 72 

— - scapular 66 

— colic 238 

- — left 246ff 

— — middle 246 

- — right 246 

— collateral middle 66 

— — radial 66 

— — ulnar superior 66 

— communicating anterior 
58 

— — posterior 58 

- coronary 20, 28 

- — left 20 

- — right 20 

- cushion 42 

— cystic 242 

deep brachial 66 

- femoral 72 

- — lingual 56 

— — of penis 288 

— digital common 68 

— dorsal of foot 74 


3 a ee ee 
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Artery(ies), digital com- 
mon, palmar proper 68 

— — plantar of foot 74 

— dorsal nasal 58 

-— — of foot 74 

— — of penis 288 

- ductus deferens 70 

— elastic type 34f 

— end 40, 46 


— epigastric inferior 52, 72. 


268, 282, 290 
— — superficial 72 
— — superior 52, 72 
— ethmoidal 58, 114 
— — anterior 56 
— facial 54f 
— femoral 72 
~ gastric left 48, 238, 242 
— — right 242 
— — right 242 
— ~— short 100, 242 
— gastroduodenal 242 
~ gastroepiploic right 242 
— — left 100, 242 
— genicular descending 72 
~ — lateral inferior 72 
— — — superior 72f 
— — medial inferior 72 
— — — superior 72f 
~ — middle 74 
~ gluteal inferior 70f 
— — superior 70f 
~ of head and neck 52 
— helicine 28g 


~ hepatic common 48. 2 
245 n 48, 238, 


~ — proper 236f, 242 
— ileal 246 
- ileocolic 246 
~ iliac common 48, 70f 
~ ~ external 48, 70f, 268 
~ ~ Internal 48, 70f, 248 
- iliolumbar 70£ 
~ IMcorporation 32 
- infraorbital 56 
— intercostal 48 
~ — highest 48, 52 

See lee of kidney 


— — Of liver 236 
InterOsscous anterior 66f 
— — common 66f 

— — posterior 66f 

~ — recurrent 66f 

— jejunal 246 

— labial inferior 54 

— — Superior 54 

~ labyrinthine 58 

— lacrimal 58 

~ laryngeal inferior 126 





— — superior 54, 126 

— lingual 54f 

— malleolar lateral 74 

— — — posterior 74 

— — medial 74 

— masseteric 56 

— maxillary 54f, 114 

— meningeal anterior 56, 
58 


— — middle S6f 

— — posterior 56 

— mental 56 

— mesenteric 246 

— — inferior 48, 70, 246, 
250 

— — superior 48, 240ff, 
246, 250 

— mctacarpal dorsal 68 

— — palmar 68 

— metatarsal dorsal 74 

— — plantar 74 

— muscular in type 34f 

— musculophrenic 52 

— nasal posterior lateral 

56, 114 

=< sental 56,114 

— obturator 70f 

— occipital 54 

— of vestibular bulb 312 

— ophthalmic 58 

— Ovarian 48, 304 

— palatine ascending 54 

— — descending 56 

— — major 56 

— — minor 56 

— palpebral lateral 58 

— — medial 58 

— Pancreaticoduodenal in- 

ferior 246 

— — Superior 242 

— Of pelvis 70 

— perforating, femoral 72 

= pericardiacophrenic 22f, 


— perineal 310f 

~ peripheral, muscular 
type 36 

— peroneal, fibula 74 

- pharyngeal ascending 54 

— phrenic inferior 48 

— — superior 48 

— plantar lateral 74 

— — medial 74 

— popliteal 72f 

— position 38 

— principal of thumb 68 

~ of the pterygoid canal 56 

— pudendal external 72 

~ — internal 70f, 248, 310f 

~ pulmonary 4f, 106, 130 


radial 66f 

rectal inferior, hemor- 

rhoidal 70f, 248, 310f 

— middle hemorrhoidal 
70, 248 

— superior 70, 232, 248 

recurrent radial 68 

— tibial anterior 72f 

— — posterior 72f 

— ulnar 68 

renal 48, 256 

sacral lateral 70f 

— median 48, 70f 

sigmoid 248 

— ima 248 

sphenopalatine 56 

spinal anterior 58 

— posterior 58 

— — paired 58 

splenic 48, 100, 238ff 

stylomastoid 54 

subclavian 6, 46f, 52f, 

58, 64f, 130f, 210 

— left 48 

sublingual 56 

submental 54f 

subscapular 66 

superior 70, 268 

supraduodenal superior 

246 

supraorbital 58 

suprarenal 48 

suprascapular (trans- 

verse scapular) 52, 66 

supratrochlear 58 

tarsal lateral 74 

temporal deep anterior 

56 


— — posterior 56 
middle 54 

— posterior 56 

— superficial 54 
testicular 48, 282 
thoracic highest 66 

— internal 48, 52, 72 
— lateral 66 
thoracoacromial 66 
thoracodorsal 66 
thyroid inferior 52, 126, 
166, 210 

— superior 54, 126, 166 
tibial 72 

— anterior 72f 

— posterior 74 
trabecular 102 
transverse facial 54 

— of the neck 52, 66 
tympanic anterior 56 
ulnar 66, 68 

umbilical 70, 268, 332 





— uterine 70f, 304 

— vaginal 304, 314 

— vertebral 52, 58, 132 

~ vesicular inferior 70 

~ z2ygomaticoorbital 54 

Arterial valve, insufficien- 
cy, see stenosis 

Arterioles 34 

~ Straight 256, 262 

Arteriovenous coupling 42 

Articulatio cricoary- 
taenoidea 116 

~ Cricothyroidea 116 

Articulation, movement of 
dental arches against 
cach other 188 

Asthma, cardiac 30 

Atresia of the follicle 292 

Atrioventricular border 8 

~ bundle, impulse con- 
ducting 12 

Atrium (-ia) 12 

~ of heart 4, 8ff, 16f 

Atrium (-ia), muscles 12 

~ right 6 

Auricle 6 

Auscultation, heart 26 

— Sites 26 

Azoospermia 284 

Azygos system 50 


B 


Barrier, blood-air 136 

~ blood-brain 32 

~ blood-testis 32, 276 

~ blood-thymus 32, 94 
Basedow’s disease 166 
Basis cordis 6 


ifurcation tracheal 20, 80, 


128, 132f, 138, 208f 
Bile ducts 238 
— flow 238 
~ large 238 
Bladder, trabeculated 268 
~ Urinary, see urinary 
bladder 
Blood 2f, 32, 82ff 
~ corpuscles 82 
~ defense mechanisms 82 
~ formation 102 
~ groups 82 
~ plasma 82 
~ pressure, diastolic 38 
~ — estimation of 36f 
~~ measurement 36f 
~ — systolic 38 


— vessels 32ff 
— — ofskin and subcutis 
344 

— — variability of 46 

— — wall structures 32ff 

B-Lymphocyte 90, 96 

— zone 98 

Bombesin (gastrin releas- 
ing peptide GRP) 172 

Bone, ethmoid 110 

— hyoid 118, 122, 126, 206 

— marrow 84, 97 

— pubic 270 

Bowman’s capsule 258 

Branch, anterior ventricu- 
lar 20 

— frontal 54 

— mylohyoid 56 

— parietal 54 

— posterior interventricu- 
lar 20 

— pterygoid 56 

Breast, female 334f 

— male 334 

— variations of 334 

Bronchi 134f 

— lobar 134 

— obstruction 144 

— segmental 134 

— tree 130 

— — fine structure 128 

Bronchioles 136 

— respiratory 134f 

— terminal 134f 

Bronchus, principal 128 

Brunner’s glands 220 

Brush border cells 222 

Buccae (cheeks) 178 

Bulb of aorta 10 

— duodenal 214, 218, 242 

— of penis (urethral) 286 

— of superior jugular vein 
60 


— of vestibule of vagina 
272, 306 

Bulla ethmoidal 112 

Bursa, omental 100, 212, 
240, 244 

— — vestibule 244 

— testicular 274 


C 


Calcitonin 166 
Calculi, prostatic 284 
Calix (renal pelvis) 264 
Canal, Alcock’s 70 

— alimentary 106 


Index 359 


— birth 326 

— — soft tissue extension 
tube 326f 

inguinal 274 

— nasolacrimal 112 

— root (tooth) 180 

Canaliculi, bile of capil- 
laries 236 

— lacrimal 110 

Canal(s), adductor 72 

- anal 232 

— carotid 58 

— cervical, of uterus 296 

— obturator 70 

— pudendal, Alcock’s 70, 
316 

Capillaries 4, 34, 40, 44 

— incorporation 32 

— lymph 44, 78 

— network 4 

— sinusoidal 40, 158, 236 

Capsule, fatty, of kidney 
254 

— fibrous 254f 

Caput Medusae 250 

Cardia 206, 212f, 244 

Cardiac asthma 30 

— borders 24 

~ — radiographs 28ff 

— dullness 26 

~ — area of absolute 24f 

~ — — of relative 24f 

— muscles, microscopic 
structure 18 

— nerves 18 

— output 16 

— skeleton 12 

— tamponade 22 

— veins 20 

Carina tracheae 128 

— urethralis vaginae 304f 

Cartilage arytenoid 116 

~ corniculate 116ff 

— cricoid 116f, 122, 126 

~ cuneiform 120f 

— epiglottic 116f, 122 

— nasal 108 

— thyroid 116ff 

— triticeal 118 

Caruncle, hymenal 306 

— sublingual 196, 200 

Cauda epididymis 280 

Cavity(ies) 

— abdominal 244f 

— infraglottic 118, 122 

— nasal 108 

— oral 176ff 

— pericardial 22 

— peritoneal 22, 212 

— pleural 22, 130, 138 
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Cavity(ies), pulp 180 

— scrotal 274, 282 

— serous 22 

— uterine 296 

Cecum 218, 226ff 

~ fixum 228 

- mobile 228 

Celiac trunk 48 

Cells, accessory 88f 

-- - the immune system 

~ basally granulated 216, 
222 


~ border 224 

— brush border 128, 222 

~ centroacinar 240 

- chromaffin (pheo- 
chromic) 164 

— Clara 128 

— cytotoxic 97 

— dendritic 96 

— dust 136 

- enterochromaffin (EC- 
cells) 172 

- enterochromaffin-like 
(ECL-cells) 172 

— gastrointestinal endo- 
crine 172 

~ germ ovary 272 

— — testis 272 

— goblet 222f 

— granular Paneth 222 

— granulosa 292 

~ heart failure 136 

— interstitial (testes) 170 

- Langerhans 340 

— oxyphilic (Welsh) 168 

- pseudodecidua 302 

— secretory epithelial 
222 

Cellulae ethmoidales 112 

Cellular immunity 97 

Cement (tooth) 180, 192 

Central vessels 48 

Centroblasts 96 

Centrocytes 96 

Centrum tendineum dia- 
phragmatis 132 

— ~ perinei 306, 312 

Cerebral arterial circle, of 
Willis 58, 154 

Cervical fascia 42 

Cervix uteri 296, 300 

— — external orifice 326, 

330 


— ~ internal orifice 330 
Cesarean section 300 
Cheeks (buccae) 178 
Chemoreceptors 128 


Chemosensitive area (kid- 


ney) 258 
Childbirth 326ff 
— expulsion phase 330 
— initial phase 328 
— mechanism 326 
— membrane rupture 328 
— opening phase 300 
see (posterior nares) 
11 


Cholecystokinin (CCK) 
172 


Chordae tendineae 8f 
Chorionic gonadotropins 
322 


chromosomes 320 

Circadian rhythms 160 

Circulation, antenatal 4ff 

— — greater (systemic) 4 

~ — lesser (pulmonary) 4 

- collateral 46 

- fetal 332 

~ portal 4 

— pulmonary 4 

Circulatory system 4ff 

Cisterna chyli 80, 246f 

CLIP (corticotropin-like 
intermediate lobe pep- 
tide) 149 

Clitoris 272, 290, 306 

Coccyx 270 

Collaterals 40, 42, 50 

Colliculus, seminal 268, 
272, 290 

Collum 180 

Colon 226ff 

— ascending 226 

— descending 226, 244, 254 

— sigmoid 218, 226 

— transverse 226, 244, 254 

Colostrum 336 

Columns, anal 232 

— renal Bertini’s 256 

Concha nasalis inferior 
110, 198 

- — media 110 

— — superior 110 

Cone, elastic 120 

Confluens sinuum 60ff 

mame et (larynx) 118, 


Connective tissue, reticular 
88 


— — wedges, coarse 12 

Contraction time (heart 
action) 16 

Conus elasticus 118f 

Corium (dermis) 340f 

Corona of glans penis 286 

— radiata 292 


Coronary sinus 6, 10 

— vessels 18 

Corpus adiposum buccae 
178 


- callosum 58 

— cavernosum penis 272, 
286f 

- - urethrae 272 

— luteum 170, 292, 322 

~- - in pregnancy 322 

— spongiosum penis 272, 
286f 


- - urethrae 306 

— uteri 296 

Corpuscle, renal 256f 

Cortex, adrenal 146 

— — fine structure 162 

— thymus 94 

Corticoliberin (CRF) 156 

Corticosteroids 162 

Corticotropin (ACTH) 
156f 


Coupling, arteriovenous 42 
Cowper's glands, see glan- 
dula bulbourethrales 

Crest, neural 146 

Cretinism 166 

Crinocytosis 150, 224 

Crista supraventricularis 8 

Crura of musculus levator 
ani 308 

Crypts of duodenum 220 

- of Lieberktihn 220 

- tonsils 104 

Cumulus oophorus 292 

Curvature, major 212 

— minor 212 

Cushing’s syndrome 160 

Cushion arteries 42 

Cusp, septal 10 

Cutis 340ff 

Cyanosis 176 

Cycle, ovarian (menstrual) 
170 


Cytopempsis 40 
Cytotoxic T-cells 90 


D 


Decubitus (bed sores) 344 

Defecation 232 

Defense mechanisms 
(blood) 82 

— systems 86 

Deglutition (swallowing) 
206 


— center 206 
Dental formula 186 








Dentin (tooth) 180f 

- formation 192 

— secondary 180 

Dentition, first and second 
190 

Desmodonti'.m (periodon- 
tal membr.ine) 178ff 

Diabetes insipidus 154 

~ mellitus 168 

piapGraem pelvic 308ff, 

14 


— urogenital 286, 308ff, 
316 
epnragmatte narrowing 
0 


Diastole 8, 10, 16, 36 
Diastolic blood pressure 38 
Digestive chambers 210 
~ system 174ff 
~ — trunk section 174 
Dilatation of heart 30 
Disks, intercalated 14 
Disse’s space 236 
Donder’s pressure 144 
Dopamine 156 
Dorsum, back, of tongue 
196 
Douglas’ pouch, see ex- 
cavatio rectouterina 
Duct(s), alveolar (lungs) 
136 


~ arterial, of Botalli 332 

~ choledochal, common 
bile 234, 238, 242 

~ collecting (kidney) 258ff 

~ cystic 234, 238 

— deferens 268ff, 280ff 

- efferens 276 

~ ejaculatory 284, 288 

~ of epididymis 276, 280 

~ excretory (salivary 
glands) 202 

~ hepatic 234, 238 

~ lactiferous 336 


— lymphatic right 50, 64, 80 


~ nasolacrimal 110 

— pancreatic 240 

— papillary 260 

— paraurethral, of Skene 


306 

~ parotid 178, 200 

— sublingual 200 

~ submandibular 200 

~ thoracic 50, 64, 80 

— venous, of Arantius 234, 
332 

Ductule, efferent 276, 280 


Duodenum 212f, 218f, 234, 


240ff, 254 


Dura mater, sinuses 64 
Dysgnathism 186 


E 


Edema, interstitial pulmo- 
nary 134 

Ejection time (heart 
action) 16 

Electrocardiogram (ECG) 
18 


Embolism (thrombosis) 40 
- pulmonary 50 
Embolus 20 
Embryo, growth 316 
Embryoblast 316 
Eminence, median 156 
Emphysema, interstitial 
pulmonary 134 
Enamel (tooth) 180 
— formation 192 
- prisms (tooth) 180 
Endocardium 12 
Endometrium (mucous 
membrane of uterus) 
298, 302 
Endothelium 32f, 40 
Enkephalin(s) 164, 172 
Epicardium 6, 12, 22 
Epidermis (skin surface) 
338f 
- cornification 340 
Epididymis 272f, 278, 282, 
286 
— fine structure of 280 
Epiglottis 116ff, 122ff 
Epiorchium 274, 282 


Epiphysis (pineal body) 
146, 160 


- cerebri 160 

— fine structure 160 

Episiotomy 328 

Epithelium 224 

- alveolar 136 

- ciliated columnar 110, 

122 

columnar 128 

external border 178 

inner border 178 

marginal 180 

of mucous membranes 

(intestinal) 222 

- of oral cavity 190 

~ peritoneal 
(mesothelium) 212 

— transitional (renal pelvis) 
264, 270 

Epitheloid venules 96f 
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Eponychium 348 
Epoophoron 272 
Erection of penis 288 
Ergastoplasm 90, 150, 158, 
202, 216, 240 
Erythroblasts 86 
Erythrocytes 82ff 
Erythropoiesis 84f 
Erythropoietin 258 
Esophagus 128f, 138, 166, 
198, 204ff, 208ff 
— upper constriction 
sphincter 210 
— varices 250 
Estrogens 170, 278, 292, 
300, 336 
Eustachian tube 108, 114 
Excretory ducts, system of 
(salivary glands) 202 
Exhaled air 106 
Expiration 142, 144 
Exudate (effusion) in the 
ericardium 30 
— pleural 138 


F 


Fascia(e), cervical 24, 42, 
54, 126, 166 
— cremasteric 282 
— pelvis 314 
— - diaphragm 310 
— penis 286,288 
— perineal superficial 310f, 
316 
~ pharyngobasilar 204, 
210 
- spermatic external 282 
— — internal 282 
— transversalis 282 
Fascial sheath of kidney 
252f 
Fauces (pharynx) 176, 206 
Ferritin 86 
Fertilization 320, 322 
Fetal circulation 332 
Fibers, oblique 214 
— Purkinje 18 
- Sharpey’s 180 
— sympathetic 168 
- Tomes’ 180 
Fibroblastic cells 96 
Filaments, actin 14 
- muscle 14 
— myosin 14 
Filling time (heart action) 
16 


Fibrous rings of heart 12 
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Fimbria, Ovarian 294 

Finger printing (dactylo- 
_gtaphy) 342 

Fissure(s), horizontal 130 

— Interlobar 130 

~ oblique 130 

Flexure(s), colic 226 

- duodenal superior 234 

— duodenojejunal 218, 
226, 240, 244, 250 

~ perineal 232 

a Sacral 232 
Oating test (lungs) 130 

Fold or notch, te of 
Stomach 212 

~ aryepiglottic 120f 

— cardiac 212 

- Grcular 220 

~ duodenojejunal i 
Sr jej superior 


~ fimbriated 196 

~ gastropancreatic 242 

~ glosso-epiglottic 196 

~ ileocecal 228 

— laryngeal 122 

~ palmate 296 

_ ee 290f, 298 

~ Semilunar 112, 2 

— spiral 238 ema 

~ sublingual 196, 209 

~ ventricular 124 

~ vestibular 118 

~ vocal 122 

Follicle(s), aggrepated 
lymph 104, 220, 230 

~ Graafian 292 

— lingual 194 

- lymph 98, 102 

~ ~ primary 96 

~ — Secondary 96f 

~ Maturation 292 

~ primary 292 

— rupture (ovulation) 170 


, ~ Secondary 292 


— tertiary 292 
~ vesicular 292 
Ollitropin 158 
Food Passage 206 
Oramen caecum 196 
- a of Winslow 238, 


~ infraperiform 314 
~ ovale cordis 8, 326, 332 
~ Sciatic greater 70 
~ - lesser 70 
~ sphenopalatine 112f 
~, SUpraperiform 314 
poregut 174 
ornix (renal elvis) 2 
— (vagina) 304 a 


Fossa, ischiorectal 310, 
314f 


— mandibular 188 
— navicularis urethrae 
288 


Foveolae, gastric 216 
Frenulum of lip 176 
— of prepuce 286 

~ of tongue 196 
Fundus uteri 296 


G 


Galactogram 336 

Gall bladder 234, 238 

Ganglion, cervical 
superior, of the sym- 
Pathetic system 210 

Gap junctions 14 

— scalene 138 

sare duct (longitudi- 
nal duct of epoophor 
272, 306 ia iid 

Gaster, see stomach 

Gastric juice, secretion 216 

— pathway 212 

Gastrin 172, 216 

~ Fe peptide (GIP) 


Genital organs 272ff 
~ ~ development 272 
~ - external 272 
~ ~ female 2908f 
— — Internal 272 
— — male 274ff 
~ ridges 272 
~ tubercle 272 
Germinal (reaction) cen- 
ao. 96 
ingiva (gum) 178ff 
Gland(s) Per 
— accessory 200 
~ adrenal (suprarenal) 160 
~ apocrine scent 340, 344 
- bronchial 136 
~ Brunner’s 220 
- buccal 178 
~ bulbourethral, of 
Cowper 272f, 284ff, 310 
~ cervical on childbirth 328 
~ — of uterus 296 
~ €ccrine sweat (coiled) 
0, 344 


~ endocrine 146ff 

~ ~ peripheral, major ac- 
tion 153 

~ esophageal 208 

— exocrine 146 


— gastric 214f 

- holocrine sebaceous 344 

— intestinal 220 

— labial 176 

- lingual 104 

~ — anterior 200f 

—- mammary 334 

- - fine structure and 
function 336 

- — lactating 336 

— nasal 110 

— olfactory 110 

— palatine 198 

— parathyroid 146, 166f 

— parotid 200ff 

— pharyngeal 204 

— pituitary 154 

~ pyloric 216 

— salivary 200f 

- sebaceous 340 

- sublingual 178, 194, 200f 

~ — minor 200 

- submandibular 178, 

200ff 
~ suprarenal 160 
— thyroid 146, 166, 204, 
210 


- tracheal 128 

- urethral, of Littre 288 

— uterine 302 

- vestibular greater, of 
Bartholin 272, 290, 306, 
312 


Glans clitoridis 272, 306 

— penis 272, 286f 

Glisson’s triad 236 

Glomerulus (kidney) 256, 
258ff 


Glomus, carotid 54 

~ organs 42 

Glottis 124, 128 

Glucagon 168, 172 

Glucocorticoids 160 

Glycogen 14 

Glycoprotein hormones 
TSH, FSH, LH, MSH 
158 

Golgi apparatus 150, 158, 
202, 224, 236 

Gonadotropin(s) 158, 170 

- chorionic 170, 322 

Gonads, anlage 272ff 

Granulatio arachnoidealis 


Granules, keratohyaline 
(epidermis) 340 

~ lamellated (epidermis) 
340 


Granulocyte(s) 82ff, 160 
— neutrophil 88 





— store 86 
~ system (defense) 88 
Granulopoiesis 84, 86 
Grave’s disease 166 
Great vessels 48 
Groove, left sagittal 234 
— Tight sagittal 234 
Gubernacular cord 272 
Gubernaculum testis 272f 
Gums (gingiva) 178 
ynecomastia 334 


H 


Hair 346 

—- color 346 

~ cover 346 

~ fine structure 346 

~ growth 346 

~ lanugo 346 

~ root 346 

~ terminal 346 
airpin-countercurrent 
Principle 262 

Hamulus, pterygoid 196 

Hassal’s corpuscles 94 

Haustra 226 

Heart 6ff 

— action 16 

apex 24 

automatisation 16 

base 6, 16 

chambers 4, 8ff, 16f 

cycle, systole 16 

Position 24 

radiology 28 

shape 30 

size 6, 30 

skeleton 8ff 

sounds (auscultation) 26 

Structure 4 

valve 10 

vortex 12 

— wall 12 

Hegar’s sign of pregnancy 
300 


Prtttett ttre 


Hematopoiesis 86 
Hemocytoblast(s) 84f 
Hemodynamic function ar- 
teries 32 
—- — veins 32 
Hemoglobin 82 
Hemopoiesis 84 
Hemorrhoids, internal 232 
~ external 250 
Hemosiderin 86, 102 
Hemosiderosis 86, 102 
Henle’s loop 260 


Heparin 82 
Hiatus genital 308 
~- semilunar 112 
Hilar groove 100 
Hilus, lung 130, 138 
- renal 254 
His, bundle 12, 18 
Histamine 82, 172 
Histiocytes 88, 96 
Holzknecht’s space (radio- 
graph) 28 
Hormone(s) 146f, 158 
— active peptide 149 
- adenohypophyseal 153 
- adrenal 160 
- blood level 148 
— choriogonadotropic 162 
Hormone(s), cortico- 
steroids (corticoids) 160 
— effector 152f, 158 
— follicular 292 
- glandotropic 152f, 158 
- - effector 153 
- hypothalamic 153 
— peptide 146 
- regulating 153 
— release inhibiting factors 
156 
— releasing factors 156 
— sex 274 
~ tissuc 214 
Humoral immunity 97 
Hydatids 274 
Hydraulic reservoir 48 
- — function (arteries) 36 
Hydrocele 282 
Hyoid bone 118 
Hypermastia 334 
Hyperthelia or polythelia 
334 


Hyperthyroidism 166 
Hypertrichosis 346 
Hypertrophy, heart 30 
— prostate 284 
Hypoglossal paresis 192 
Selita aw ae 
Hypophysis (pituitary 
vland) 146, 154, 170 
Hypospermia 284 
Hypothalamo-adenohy- 
pophyseal system 156 
Hypothalamo-hypophyseal 
system 152f 
Hypothalamo-neurohy- 
pophyseal system 154 
Hypothalamus 152f, 170 


Index 363 
J 
Ileum 218f, 226ff 
Immune system 88f, 92, 
222, 230 


— — intestinal 92, 104 

- - lymphatic 92 

— — skin 340f 

— - thymus 92 

Immunity 88f 

Immunobiologic system, 
see immune system 

Immunoblast 86 

Immunocompetence 88 

Immunocompetent cells 90 

- lymphocytes 92 

Immunocyte 86 

Immunoglobulins 90 

Immunotolerance 90 

Impulse-conducting system 
18 

- — — intrinsic 18 

Incisions, system of prefer- 
red lines for skin 342 

Incisure (or notch) angular 
214 : 

— cardiac 130, 140, 240 

— pancreatic 240 

— thyroid superior 116 

Infarct, cardiac 20, 40 

Infundibulum of hy- 
pothalamus 154 

— of uterine tube 294 

Inguinal ring 282 

Inhaled air 106 

Inspiration 142f 

Insulin 168 

Integument (outer skin) 
338ff 

- functions 338 

Intercalated disks (heart 
muscles) 14 

Interpleural space 24 

Intestinal crypts 226 

— — fine ee 222 

— epithelium 2 

- villa, fine structure 222 

Intestine, large 226ff 

Intima (blood vessels) 32 

Involution 330 

Iodide, circulating 166 

Iron circulation 82, 86 

Islets, cellular of 
Langerhans 168 

Isthmus of the fauces 178, 
198 

- of thyroid gland 166 

- of uterus 294f, 300 
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J 


Jejunum 218f 

Joint, cricoarytenoid 116 
— cricothyroid 116 

J eee apparatus 


K 


Kerckring folds 220 

Kidney(s) (rens or 
nephrons) 212, 252ff 

- body 254 

— cystic 254 

— fine structure 258, 260f 

— horseshoe 254 

~ supernumary 254 

Kohlrausch’s fold (trans- 
verse fold of rectum) 
232, 286, 316 

Kupffer cells, stellate 88, 
236 


L 


Labia majora 272, 290, 306 

— minora 272, 306 

— oris (lips) 176 

— vocal 124 

Labor, muscular contrac- 
tions 330 

Lacuna, lateral 60 

— of muscles 72 

— urethral, of Morgan 288 

— of vessels 70f 

Lamina, basal, endome- 
trium 302 

— functional, endometrium 
302 


— propria of the intestinal 
mucosa 92 

Lanz’s point 230 

Large intestine, move- 
ments 226 

— — mucosa of 226 

Laryngeal mirror 124 

~- skeleton 118 

Laryngopharynx 202 

Laryngoscopy 122 

Larynx 106, 116ff, 176, 
206ff 

~ entrance 198 

—- motility 126 

— position 126 

- skeleton 116 


— vestibule 122 

Layer, clear 340 

- granular 340 

- horny 340 

- keratinized 340 

— papillary 342 

~ regeneration 340 

- reticular 340f 

- spinous 340 

Leukocytes 82f 

Leukocytosis 82 

Leukopenia 82 

Leydig’s interstitial cells 
170, 27 

Lien, see spleen 

Ligament(s), anococcygeal 
232, 308ff 

- annular 128 

- arteriosum 6, 324 

— broad of uterus 290ff, 
314 

— cardinal, of uterus 298, 

314 

coronary hepatic 234 

cricoarytenoid posterior 

118 

cricopharyngeal 118 

cricothyroid 118, 122, 

126 

falciform hepatic 234, 

244 


Ligament(s), gas- 
trocolicum 244 

— gastrosplenic 100, 212, 
242 


- of head of femur 70 

— hepatoduodenal 212, 
218, 234, 238, 242f 

— hepatogastric 212, 242 

- hepatorenal 234 

- laryngeal 118 

— ovarian 272, 290f, 314 

— phrenicocolic 100, 226, 
244 


- phrenicosplenic 100, 
212, 242 

— pubovesical 298, 314 

- pulmonary 130 

— round of liver 234, 332 

— - of uterus 272, 290, 

298, 304, 330 

— sacrospinal 70 

— suspensory of ovarium 
290, 294, 304 

~ thyroepiglottic 118 

~ thyrohyoid 122 

— -— median 118 

- oe perineal 308, 


— - Ofscapula 52 


— triangular of liver 234 

— umbilical median 290 

— — middle 70, 268f, 290, 

332 

— venous of liver 234, 326 

~ vestibular 118 

- vocal cords 118 

Limen nasi 108 

Linea, terminal, of pelvis 
248 

Lingua (tongue) 194f 

Lipotropic hormone (LPH) 
149 

Lipotropin 158, 164 

Lips 176 

Liquor folliculi 292 

Liver 174, 212, 234ff 

— fine structure of 236 

- lobules 236 

- margin 140 

Lobe, caudate 234 

- pulmonary 134 

- quadrate 234 

Lobule(s) hepatic 236 

- pulmonary 134 

— of testis 276 

Luliberin (LRF, LHRH) 
156 


Lungs 24, 106, 130 

— borders 140 

— fine structure 136 

— hilus 24, 106 

— lobes 130 

- root 132 

Lunula 10 

Lutropin (LH) 158, 322 

Lymph 44, 98 

- capillaries 44 

— follicles 98, 102 

— of the mucous mem- 
branes 96 

Lymph nodes 4, 44, 78f, 
92, S6ff 

— — axillary 78f 

-- pro cnopurmonary 80, 

132 


- celiac 80, 100, 242 
~ cervical deep 80 
— — superficial 80 
- collecting 44 
— cubital 78 

— gastric left 242 

-— — right 242 
gastroepiploic left 242 
— right 242 

hepatic 242 

ileocolic 246 

iliac common 248 
inguinal 304 

— — superficial 78, 248 


~ — lumbar 304 

—- -— mass 78 

- - mediastinal anterior 
242 

~ ~ mesenteric inferior 


~ — — superior 246 

~ ~ occipital 80 

~ pancreaticosplenic 
100, 246 

~ parasternal 80 

- parotid 80 

~ popliteal 78 

- pulmonary 80, 132 

- pyloric 242 

— regional 44, 78 

- retroauricular 80 


retropharyngeal 80 
sacral 248 
submandibular 80 
submental 80 
tracheal 80 
tracheobronchial in- 
ferior 132 
~ vessels 4, 20, 44ff, 78, 
96, 100, 114, 166 
Lymphatic duct, right 80 
— Organs 92ff 
— trunk, intestinal 80 
~ ~ lumbar 80 
rympheeyics 82, 86, 96, 


(6'pepdpt dot tb te beg 


~ recirculation of 96 
ymphoid organs, 
peripheral 96 
Lymphopoiesis 84f, 102 
Lysosomes 88 
Lysozymes 82 


M 
Macrophages 88, 92, 98, 
102 


— alveolar 88, 136 

~ peritoneal 88 

~ pleural 88 

— tissue 88 

Macula densa 258 

Major histocompatibility 
complex (MHC) 92 

Malpighian corpuscule 258 

Mamma (breast) 334 

— accessoriae 334 

Mandibular condyle 188 

— joint, movements 188 

Mayer-Weigert rule 266 

McBurney’s point 230 

M-cells (stomach) 104 


Meatus, internal urethral 

270 
~ nasal inferior 112 
- — middle 112 
— — superior 110, 112 
Mechanism, adipose body- 

epiglottis 124 
— costodiaphragmatic 142 
— tongue-epiglottis 124 
Meckel’s cartilage 190 
Media (blood vessels) 32 
Mediastinal flutter 144 
Mediastinum (pleural cavi- 
ty) 24, 130f, 138 
anterior 24 
middle 24 
posterior 24 
testis 274f 
- upper 24 
Medulla, adrenal 146, 164 
- of kidney 256, 262 
- of thymus 94 
Medullary rays (kidney) 

6, 260 


Megakaryoblast 86 
Megakaryocyte 86 
Megaloblast 84 
Megaureter 266 
Meiosis 318 
Melanocyte stimulating 
hormone (MSH) 149 
Melanocytes 160, 340 
Melanotropin 158, 160 
Melatonin 160 


Membrane(s) atlantooccip- 


ital 52 

— basal 40 

— basement (heart muscle 
tissue) 14 

— bronchopericardial 132 

— elastic external 32 

— — internal 32, 36 

— fibroelastic of larynx 118 

— mucous of the larynx 122 

— perineal 310 

— pleuropericardial 22 

— quadrangular 118 

- thyrohyoid 54, 116f, 122, 
126 

- thyroid 126 

— of vesicle 224 

Memory cells 90, 97 

Menarche 302 

Menopause (climacteric) 
302 


Menstrual cycle (ovarian 
cycle) 170, 292, 296, 
302 

— — desquamation-rcgen- 

eration phase 170 
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— — estrogen phase 170, 
302 
~ — gestagenic or luteal 
phase 170 
— — gestation phase 302 
— — proliferation phase 
170 
— — secretory phase 170 
Mesentery 218f, 228, 244f 
Mesangium 258 
Mesoappendix 228f, 244 
Mesocolon, sigmoid 226 
— transverse 226, 240, 244 
Mesopharynx (oral 
pharynx) 106, 206 
Mesosalpinx 290, 294, 314 
Mesovarium 290 
Metamyelocyte 86 
Microphages 88 
Microscopic structure (car- 
diac muscles) 18 
Micturition (emptying of 
urinary bladder) 270 
Mineralocorticoids 160f 
Mitochondrion 14 
Mitosis 318 
Moderator band 8, 18 
Monoamines 146 
Monocytes 82ff, 160 
Monocytopoiesis 86 _ 
Mononuclear phagocytic 
system (MPS) 88 
Mons pubis 290, 306 
Motilin 172 
Mouth, floor 206 
— muscular floor 178 
MSH, see melanocyte 
stimulating hormone 
Mucosa (mucous mem- 
brane) 122 
intestinal 218 
~— immune system 104 
of large intestine 226 
of nose 110 
oral 178 
of small intestine 220 
of stomach 212f 
of tongue 196 
- of uterus 302 
Mutiple anastomoses 42 
Muscle(s), abductor of 
great toe 74 
— adductor 72 
— aryepiglottic 120, 124, 
206 


— arytenoid oblique 120 
— — transverse 120 

- biceps 66f 

— brachioradial 68 

— buccinator 178 


366 index 


Muscle(s), bulbospongious 


286, 306, 310f 
~- cardiac 12f 
— coccygeal 308, 312 
- sae pharyngeal 


- -— - inferior 204 

- - ~ medial 204 

~ ~ — superior 204 

- contraction 14 

— cremaster 282 

~ cricoarytenoid lateral 
116, 120, 124 


— — posterior 116, 120, 124 


~ cricothyroid 120ff, 204 
~ digastric 54, 176f, 194, 
200, 204f 


— tocrrect hair 340, 346 
~ flexor ulnar, of wrist 68 
- aaa 178, 194, 


~ geniohyoid 176f, 194 
~ gluteal greater 70 

~ — lesser 70 

—- ~ middle 70 


— hyoglossus 194, 200, 206 


ilioglossus 308 

iliopsoas 268 
infraspinatus 66 
intercostal external 142 
~ internal 142 


ischiocavernous 286 
306, 310f 


lacuna 70 
laryngeal 116, 120 
atissimus dorsi 66 


!tdepede 


~ — pharyngis 202 
~ ~ of upper lip 108 


~ — veli palatini 114 
204f ne 


- lingual longitudinal in- 
ferior 194 
— ~ ~ superior 194 
- Lira 54, 178, 200 
~ mylohyoid 176f, 
200, 206 a 
— nasalis 108 


nal 2 
~ — internal abdom;} 
28) ominal 


- Soe external abdomi- 


~ — transverse abdom; 
289 ominal 


~ obturator external 314 
— ~ Internal 308, 314 

— omohyoid 54 

~ orbicularis oris 176f 

— palatoglossus 198 


levator ani 232 
3108 270, 308, 


palatopharyngeal 114, 
198, 204 

papillary 8, 12 

— anterior 10 
pectinate 8 

pectoral greater 336 
- lesser 66 

piriform 72, 308 
psoas 70, 248 

- major 252f, 304 
pterygoid 178, 200 
~— lateral 178, 188 


~ — medial 178, 200 


pubococcygeal 232, 270, 
308 


puborectal 232, 308f 
pubovesical 270 

pump 42 

quadratus lumborum 70, 
2526 


— plantae 74 

quadriceps femoris 72 
rectouterine 290, 298 
rectovesical 270 

rectus abdominis 72 
salpingopharyngeal 198, 
204 


sartorius 72 

scalenus anterior 52 

- medial 52 
septomarginal 8 
serratus posterior 142 
soleus 74 

sphincter of anus, exter- 
nal 232, 290, 310f 

— internal 232, 248 

— in female 310 

- in male 310 

- urethral 270 

splenius capitis 54 
sternocleidomastoid 54, 
210 

styloglossus 194, 200, 
206 


stylohyoid 194, 204 
stylopharyngeal 204 
supraspinatus 66 
temporal 54 

tensor veli palatini 114, 
thyroarytenoid 120 
thyroid 116, 194, 206 
tracheal 128 

tracts of mucosa 208, 
214f 

transverse of abdomen 
252 


~ lingual 194, 198 


~ — perineal deep 270, 


284ff, 306f, 308, 312ff 


- — — superficial 308, 310f 
— triceps of arm 66 

— uterine 296 

~- uvular 114, 198 

—- vastus medial 72 

— vertical lingual 194 

— vocal 120, 124 
Mycloblast 86 

Myclocyte 86 

Myocardial insufficiency 30 
Myocardium 12 

Myofibrils 14 
Myometrium 296ff 
Myxedema 166 


N 


Nails 348 

Nares 114 

Nasal bone 108 

- cavity 108, 110 

— conchae 110 

- glands 110 

— meatus 110 

— septum 108f 
Nasolabial fold 108 
Nasopharynx 204 
Nephron, see kidney 
Nerve(s), abducens 58, 62 
- accessory 210 

- alveolar inferior 56 
— auriculotemporal 56 
- axillary 66 

- dorsal of penis 288 
— facial 54 

femoral 72, 268 
iliohypogastric 252 
ilioinguinal 252 
labial posterior 312 
laryngeal recurrent 210 
— superior 122 
maxillary 62 
oculomotor 58, 62 
olfactory 110 
ophthalmic 62 

optic 58 

peroneal deep 74 

— — superficial 74 

— phrenic 22f, 52, 138 
— pudendal 70, 310f 

— radial 66 

- rectal inferior 310 

— sciatic 70 

- scrotal postertor 310 
- subcostal 252 

— sympathetic 162 





- thoracodorsal 66 

~ trochlear 62 

— ulnar 66 

— vagus 22, 54, 168, 216 

Network, venous 76 

Neural crest 148 

Be bodies 
8 


Neurohemal regions 154 
Neurohormones 154f 
~ effector 152 
Neurohypophysis 152ff 
Neurophysin 154 
Neurosecretion 154 
Neurotensin (NT) 172 
Newborn, full maturity 330 
Nexus (gap junctions) 14 
Node(s), Aschoff-Tawara 
18 


~ atrioventricular 18 

~ Keith-Flack 18 

- lymphatic, see lymph 
nodes 

~ sinuatrial 18 

— sinus 18 

Nodule 10 

Non-phagocytosing acces- 
sory cells 92 

Noradrenalin 162 

Normoblasts 86 

Normospermia 284 

Nose 108ff 

~- cavernous body 108 

~ choana 108 

— crista septi 108 

~ dorsal lamellae 108 

— external nares (nostrils) 

108 

frontal sinus 108 

goblet cells 110 

Kiesselbach’s point 108 

lamina perpendicularis 

108 


i | 


lateral wall 108 

locus Kiesselbachii 108 
olfactory glands 110 

— region 110 
perpendicular plate 108 
pharyngeal orifice 108 
respiratory region 110 
septal crest 108 

- deviation 108 

— lamella 108 
sphenoethmoidal recess 
108 


'torttttritope 


sphenoidal sinus 108 
— vestibule 108 

-— vibrissae 108 

— vomer 108 


Notch, superior thyroid 
116 

Nucleus, paraventricular 

— supraoptic 154 


— tuberal 154 
Nurse cells 86 


O 


Odontoblasts 180 
Oligozoospermia 284 


Omentum, greater 136, 242 


— lesser 136, 242 

Oocytes 292 

Oogenesis 292 

Oogenia 292 

~ Cavity join 176 

— - vestibule 176 

— mucosa 178 

Oropharynx 204 

Orthognathism 186 

Osteoclasts 168 

Ostium, external, of ure- 
thra 288, 306 

— —- internal, of urethra 

268f, 284, 288, 306 


- pharyngeal, of auditory 


tube 112, 204 
— of uterus 266, 296 
~ of vagina 304f 
Ovarian cycle, sce men- 
strual cycle 


Ovary 170, 272, 290f, 304 


- as endocrine gland 170 
Ovulation 170, 292f 


Oxidation, biological pro- 


cesses 106 
Oxytocin 152f, 326, 336 


P 


Palate 108, 198 
— hard 108, 198 


— soft 108, 114, 176, 198, 


204f 

Pancreas 168, 174, 210f, 
234, 240ff, 242, 254 

— islet cell organs 168 

Pancreatic polypeptide 
(PP) 172 

Pancreozymin 172 

Papilla, duodenal major 
238 

- filiform 196 

~ foliate 196 
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— fungiform 196 

— mammiae (nipple) 326f 

- parotid 200 

— renal 254 

— vallate 196 

Paracolpium 304, 314 

Paracystium 268, 314f 

Paraesophageal hernia 208 

Paraganglia 164 

Parametrium 314 

Paraproctium 312, 316 

Parathormone 168 

Parathyroid glands 146 

Paries membranaceus 128 

Parietal cells 216 

Parodontium 182 

Part, abdominae, of 
esophagus 210 

- — of ureter 266 

- ascending of duodenum 
218 

- cardiac of stomach 212 

— cavernous of urethra 306 

— descending of duodenum 
218 

- distal of hypophysis 154 

— horizontal of duodenum 
218, 246 

— infrapiriform 70 

- infundibular of 
neurophypophysis 154 

- intercartilaginous 124f 

— intermediate of 
adenohypophysis 154 

— intermembranous of 
rima glottidis 124 

- laryngeal of pharynx 204 

— lumbar of diaphragm 
252 

— membranous of inter- 
ventricular septum 10 

— — of urethra 284, 288 

— nasal of pharynx 204 

~ oral of pharynx 106, 204 

~ pelvic of ureter 266 

- prostatic of urethra 284, 
288 

— pyloric of stomach 212ff 

— spongiosa of urethra 
284ff 

- superior of duodenum 
218 

— suprapiriform 70 

— thoracic of esophagus 
210 

— of uterus 294 

Parturition 300 

Passavant’s ring torus 206 

Pathways, peripheral of 
vessels 52 
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Payer’s patches 104, 220 

Pelvic floor 308ff, 326 

- — onchildbirth 328 

— — loading of 312 

— spaces 314f 

Pelvis, arteries 70 

— renal 264 

— — ampullar 262 

— — ramificate 264 

Penis 274, 286f 

Pepsinogen 216 

Peptide(s) 148 

— hormones 172 

— and monoamines 149 

— precursors 149 

Percussion (heart) 26 

Pericardium 6, 22f, 132. 
138 

Perichondrium 128 

Pericytes 40 

Perimetrium (peritoneum) 
296 


Perineum, support of on 
childbirth 328 

Periodontium 178ff, 188 

Periodontopathy 180 

Periorchium 274, 282 

Peripheral arteries, muscu- 
lar type 36 

— pathways 52 

— resistance, regulation 36 

Peristalsis 206 

Peritoneum 212, 226f, 234, 
244, 268, 284 

— parietal 212 

— visceral 212 

Permeation 40 

“iagocyt accessory cells 


Pharyngoesophageal diver- 
ticulum (pressure diver- 
ticulum) 208 

Pharynx (throat) 106, 176, 
198, 204 ff 

Philtrum 176 

Phimosis 286 

Phonation 124, 126 

Pineal body (epiphysis) 160 

Pinocytosis 224 

Pituitary gland, see hy- 
pophysis 

Placenta 296, 322, 324, 
330f, 336 

~ birth 322 

— previa 322 

Plasma cells 86, 90, 97f 

Plasmacytogenesis 86f 

Plasmalemma, heart mus- 
cle tissue 14, 40, 224 

— sperm 278 


Platysma 178 

Pleura 22, 92, 130, 134, 138 

— borders 140 

— costal 138 

-— diaphragmatic 138 

— dome 138 

— mediastinal 138, 208 

— parietal 138 

— pulmonary 138 

— puncture 48 

— visceral 136 

Pleural exudate 138 

— space, puncture 48 

Plexus, basilar 60f 

— celiac 242 

— esophageal 210 

— Meissner’s 214 

— mesenteric 246f 

— myenteric of Auerbach 
214, 222 

— pampiniformis 34, 282 

— pharyngeal 64, 210 

— pterygoid 62f, 114 

— sacral 70 

— submucosal 214f 

— venous, around the areo- 
la 76 

— — vertebral 60 

Pneumothorax 144 

— tension 144 

Podocytes (kidney) 258 

Poetins 86 

Pole cushion (kidney) 
258 


Polycythemia 82 

Pores, alveolar 136 

Porta hepatis 234, 242 

Portal vein, see vein, portal 

Portion, supravaginal, of 
cervix 296 

— vaginal 302 

— — of cervix 300, 304 

Positio uteri 298 

Pouche(s), rectouterine 
290, 298, 304, 314 

— rectovesical 286, 316 

— vesicouterine 290, 


Precursor cell(s) 86 

- — of T- and B-lympho- 
cytes 97 

Pregnancy 170, 300f, 322ff 

— ectopic 322 

— tubal 322 

Prepuce of clitoris 306 

— of penis 286f 

Process, pterygoid 204 

— styloid 204 

— uncinate 240, 244 


— vaginal of peritoneum 

— vocal 116 

Proerythroblast 86 

Progesterone 170, 292, 300 

— effect of 336 

Prolactin (PRL) 156f, 336 

Prolactostatin (PIF, 
dopamine) 156 

Prominence, laryngeal, 
Adam’s apple 126 

Promyeloblast 86 

Proopiomelanocortin, de- 
rivatives 148, 164 

Prostate 70, 268f, 274, 284f 

— hypertrophy 284 

Proteins 148 

Proteohormone(s) ACTH 
(corticotropin) 158 

— STH (somatotropin) 158 

Pterygopalatine fossa 56 

Pubertas precox 160 

Puerperium 330 

Pulmonary circulation 4 

— embolism 50 

Pulp (tooth) 180 

Pulse 68 

— rate 16 

— wave 36, 54 

Purkinje fibers 18 

Pyelorenal border region 
262 

Pylorus 210f 


R 


Radiology of heart 28 

Raphe palatine 198 

- pharyngeal 204 

— pterygomandibular 204 

— of scrotum 274 

Recess, costodiaphragmat- 
ic 24, 138f, 144, 252 

— costomediastinal 24f, 
138ff 

- duodenal inferior 218 

— — superior 218 

— frontal 54 

— hepatorenal 244 

— iliocecal 228 

— inferior, omental bursa 
244 

intersigmoidal 218 

mylohyoidal 56 

pancreatic 242 

parietal 54 

paraduodenal 218 

peritoneal 244 


pharyngeal 204 

Piriform 122, 204 

Plerygoidal 56 

retrocecal 228 

retroduodenal 218 

sphenoethmoidal 108, 112 

subhepatic 244 

subphrenic 218 

superior, omental bursa 
244 


Rectoanal pylorus 232 

Rectum 226. 232, 270 

Reflex, neurohormonal 
336 


Regio olfactoria 110 

~ Tespiratoria 110 
€gions, neurohemal 154 

Regulator cells 90f, 97 
egulatory circuits 156 
Claxation time (heart ac- 
tion) 16 

Ren, see kidney 

Renal capsule 254 

~ corpuscles 260 

~ lobes 254 

~ Parenchyma 256 

~ pelvis 252ff, 264 
€nculi (renal lobes) 254 
enin-angiotensin-system 
162, 258 

Reservoir, hydraulic 48 

Respiration 106 

~ circulation action 42 

~ diaphragmatic 142 

~ dynamics of 142 

~ expiratory reserve vol- 
ume 144 

~ inspiratory reserve vol- 
ume 144 

~ mechanics 142f 

~ positive pressure 144 

~ residual volume of air 
144 

— ribs 142 

— volume 144 

Respiratory position, rest- 
ing 142 

— system LO6ff 

— tract 106 

— — lower 106 

— — upper 106 

Rete articular of elbow 68 

- — of knee 72 

— calcaneal 74 

— genicular 74 

— malleolar 74 

— — lateral 74 

— — medial 74 

— mirabile 42 

— testis 276f 





Reticular cells 86 

— connective tissue 88 

Reticulocytes 82, 86 

Reticulo-endothelial sys- 
tem 98 

Reticulum cells 88, 96 

— — specific 92 

— smooth endoplasmic 14 

Retinaculum 290 

— uteri 298 

Retroperitoneal space 244f 

Rhinoscopy 114 

Ribosomal-RNA 150 

Rima glottidis 120, 124, 
206 

Rings, basal (alveolus) 136 

Root of mesentery 218, 
226, 244 

— nasal bone 108 

— of tongue 194 


S 


Sac, alveolar, lungs 136 

— lacrimal 110 

Saliva 200 

Salivary glands 200f 

— — fine structure 202 

— — large 200 

— — serous acini 202 

— — small 200 

Sarcomere 14 

Scalene gap 138 

Scar formation, skin 348 

Scrotum 272f, 282 

— skin of 282 

Secretin 172 

Secretion 146 

— apocrine 150 

— eccrine 150 

— formation and release 
150 


— formation 146 

— of gastric juice 216 

— holocrine 150 

— vaginal 304 

Segments, bronchioarterial 
134 

Sella turcica 112, 154 

Semen 284 

Seminal ducts 272 

— vesicles 272f, 286 

Septula of testis 276 

Septum, alveolar 136 

— interalveolar, teeth 184 

— inter-radicular 184 

— nasal 108 

— of penis 286f 
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rectovaginal 314 

— scrotal 282 

— urethrovaginal 314 

— urorectal 316 

Serosa, parietal 22 

— visceral 22 

Sertoli’s cells 276f 

Sex, genetic 320 

Shunts, arteriovenous 224 

Sinus, anterior ethmoidal 
110 

— aorta 10, 18 

— carotid 54 

— cavernous 58, 62f 

— confluence 60f 

— coronary 6ff, 20, 132 

— ethmoidal 112 

— frontal 112 

— intercavernous 62 

— lactiferous 336 

— mammarum 334 

— marginal 62, 98 

— maxillary 110f 

— nasal 112 

— oblique pericardial 22 

— occipital 60f 

— paranasal 112 

— petrosal inferior 60ff 

— — superior 60ff 

— renal 254 

— sagittal inferior 60, 64 

— — superior 60ff 

— sigmoid 60ff 

— sphenoidal 112 

— sphenoparietal 60f 

— of the spleen 102 

— straight rectal 60ff 

— transverse 60, 64 

— — pericardial 22 

— urogenital 272 

— venous of dura mater 
60ff 

Sinusoidal capillaries 40 

Skin 338ff 

— blood vessels 344 

— color 338 

— glabrous (hairless) 340f 

— glands 344 

— hairy 340f 

— layers 340 

— protective acid mantle 
344 


— regeneration and aging 
348 

— ridges 342 

— temperature control 344 

Small intestine 218f, 222 

— — convolutions 226 

— — layers of wall 218 

— — movements 222 
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Small intestine mucosa 220 
— — musculature 222 

- — villi 220 

Smegma 286 

Pome cobbers (GH-RF) 


Somatostatin (SRIF) 156, 
164, 168, 172 

Somatotropin 158 

Space, interdental 182 

— interglobular 180 

— parapharyngeal 204 

— perineal superficial 310, 
316 

— peritoneal of pelvis 314f 

— retropubic 314f 

Speech 124 

Sperm (spermatozoa) 
274ff, 284 

Spermatic chord 274, 282 

Spermatogenesis 274f 

Spermatozoon, see sperm 

Spermiohistogenesis 278 

ee ampullae (Oddi) 


of calix 264 

cardiac functional 208f 

of esophagus 208 

of fornix 264 

pelvic 264 

Spine, nasal posterior 198 

Spleen 92, 96, 100f, 140, 
210, 242f 

— accessory 100 

— blood cell destruction 
102 

— fine structure 102 

— hilum 100 

— Marginal zone 102 

— pulp 102 

- — red 102 

- — white 102 

= Schweigger-Seidel sleeve 


! 


— sinuses 102 

— Storage diseases 102 
Stenosis 10, 12 

Stereocilia 280 

Steroids 148 

Stomach 212ff, 240f 

— bubble 214 

— elongated 214 

- fine structure 212 

~ J-shaped 214 

~ Main types, stomach 214 
~ oe and motility 


~ mucous membranes 216 
~ muscle layer 214 


Stretch closure (esopha- 
gus) 208 

Striae, distension 342 

Stroke, volume 36 

Submucosa 208 

Substance P 164 

Substantia adamantina 
(enamel, tooth) 180 

- eburnea (dentin) 180 

— granulofilamentosa 86 

— ossea (cement, tooth) 
180 


Sulcus, coronary 6, 12, 20 

~ interventricular anterior 
6, 16, 20 

— — posterior 6, 20 

- mentolabial fold 176 

~ nasolabial fold 176 

- terminal 196 

Supraventricular crest 8 

Surface, costal 130 

- diaphragmatic 6, 100, 
130, 234 

— inferior of tongue 196 

— medial 130 

- sternocostal 6 

— visceral 100, 232 

Sympathicus 164 

Symphysis, pubic 290 

Syphon, carotid 58 

System, hypothalamo-hy- 
pophyseal 152, 153 
(survey) 

- hypothalamo-neurohy- 
pophyseal 154 

Systole 8f, 16 

Systolic blood pressure 38 


T 


Teeth 180ff 

~ anchorage 182 

— canine 184f 

- deciduous dentition 188 
- deep bite 186 

~ development 190 

- io (lateral) surface 


— edge to edge bite (for- 
ceps bite) 186 

~ enamel epithelium 190 

— — Organs 190 

— fine structure 180 

— front 184 

~ full occlusion 188 

- incisors 184f 

- lateral (side) 184 


— mesial (proximal) sur- 
face 182 

- milk (deciduous) 184, 
190 

— molar 184f 

— movement inside the al- 
veolus 188 

~ neutral bite (scissors 
bite) 186 

— orientation in jaw 182 

- overbite 186 

— permanent 184f ; 

- position within the dentt- 
tion 186 

- premolar 184f 

— prognathism (distal bite) 
186 


— protrusive occlusion 188 

- side-to-side bite 188 

— structures supporting 
position 182 

Tela subcutanea (subcutis) 
340, 344 

Tenia 226ff 

Teniae coli 278 

Tendon, fibrous of dia- 
phragm 22 

Testosterone 278 

Testis 272f, 286 

— coats 274 

— covering 282 

— as endocrine gland 170 

- fine structure 276 

Theca, follicular 292 

T-Helper cells 90f, 96f 

Thoracic aorta 48 

Throat 106, 176, 198, 204f 

Thrombocytes 82f 

Thrombocytopoiesis 86 

Thrombokinase 82 

Thrombopoiesis 84f 

Thrombosis (embolism) 
40, 50 

Throttle veins 42 

Thymic remnant 94 

Thymic triangle 24 

Thymocytes 92f 

Thymopoetin 94 

Thymus 84, 92, 96 

- cortex 92 

— microscopic structure 94 

—~ position 24 

- triangular outline 92 

Thyroglobulin 166 

Thyroid gland 146, 166 

~ — fine structure 166 

- -— hormone production 

and release 166 
Thyroliberin (TRF) 156 





Thyrotropin-releasing fac- 
tor (TRF) 151 

Thyroxine 166 

Tight junctions 32 

T-Immunoblasts 90 

T-Lymphocyte(s) 90f. 96 

—- reservoir 90 

~ tolerance 90f 

Tongue 190, 194f, 206 

- inferior surface 196 

— mucous membranes 196 

— muscles 194 

Tonsil(s) 92,96, 104 

— lingual 104, 196, 204 

— palatine 104, 176, 198, 
204 


— pharyngeal 104, 114, 
198, 204 


— ~ unpaired 104 
~ tuberia 104 
Torus tubarious 204 
Trabecula(-ae) carneae 12 
— —- cordis 8 
~ S¢ptomarginales 10 
Trachea 106, 128 
~ bifurcates 128 
~ fine structure 128 
Tracheotomy 126 
Traction diverticum 208 
Tract, hypothalamo-hy- 
Pophyseal 154 
~ tubero-infundibular 156 
ransport of gases 106 
~ Vesicular 40 
T-Region 90, 96f 
“Repressor cells 90 
rigone of bladder 268f 
~ fibrous 12 
Tritodothyronine 166 
Tripod, Haller’s 242 
Trophoblast 302, 322 
Tunk(s), brachiocephalic 
6, 22, 46f, 132, 210 
~ — artery 6 
~ > — innominate 6 
~ bronchomediastinal 80 
~ Celiac 48, 242, 246, 250 
~ Costocervical 52 
~ fasciculi atrioven- 
tricularis 18 
~ intestinal 80, 246f 
~ JUgular 80 
~ lumbar 80, 246 
~ lymphatic 80 
~ pulmonary 6f, 22, 28, 
106, 128, 138, 332 
~ subclavian 80 
~ thyrocervical 52, 66, 132 
~ vagal 210 


T-Suppressor cells 90, 92, 
O7ff 

Tuba auditiva 114 

Tube, uterine, Fallopian 
272, 290ff 

Tuber cinereum 154 

- omental 240, 244 

Tubercle, areolar of Mont- 
gomery glands 334 

- articular 188 

- carotid 54 

corniculate 124 

- cuneiform 124 

- dentis 184 

- epiglottic 116 

— pharyngeal 204 

Tubulc, convoluted, kid- 
ney 260f 

- - seminiferous 276 

— renal 260f 

Tunica adventitia 32 

— albuginea (testis) 276 

— — (penis) 286f 

- dartos 282 

— fibrocartilaginous mem- 
brane 128 ; 

- intima 32 

- media 32 

— mucosa (pharynx) 204 

— — (stomach) 216 

— muscularis (pharynx) 204 

- — (muscle layer of 

stomach) 214 
— vaginalis testis 274, 282 


U 


Ureter 252. 264, 266, 270, 
274, 284, 290 304 

— constrictions 266 

~ double 266 

- opening 268f 

— split 266 

— variants 266 

Ureteral ridge 268 

Urethra 252, 264, 274, 286 

- female 306 

— male 274, 284, 288, 310 

— orifice 312 

Urinary bladder 252, 264, 
268ff, 274 

— — filling of 270 

— filter 258 

- organs 252ff, 264ff 

~ = tract 252, eee be 

Urine, primary 252, 

= onan 252, 258, 260f 

— transport of 266 


index 371 


Urogenital system 252ff 
Uterus 272, 290, 296ff, 304 
— anteflexio 298 

anterior lip 296 
anteversio 290, 298 
arcuatus 296 

bicornis 296 

- cervix of on childbirth 


'tdd 


328 

- inchildbirth326 

— duplex separatus vagina 
duplex 296 

~ external ae 296 

— muscles 30 

- position and mobility 298 

— posterior lip 296 

— in pregnancy 322 

~ retroflexio 298 

— retroversio 298 

— size 298 

- variants 296 

Utricle, prostatic 272, 284 

Uvula 198 

— vesicae 268 


Vv 
Vagina 272, 290, 304 


. 


— carotic 
-— onchildbirth 328 


- orifice 312 

Valve(s), aortic 8f, 26 

— arterial 10 

— atrioventricular 8, 12, 26 

— — left8 

— - right8 

- bicuspid 8ff 

of Eustachius 8 

of heart 10 

of Heister 238 

ileocecal, colic i 

incompetence 

plane (heart) 10f, 16, 26 

pulmonary trunk 8f, 26 

semilunar 8f, 42 

— of sinus coronary 8 

— of Thebesius 8 

— tricuspid 8ff, 26 

~ of veins 8, 34, 76 

Varices 76 

Vasa vasorum 32: ° 

Vasoactive intestinal poly- 
peptide (VIP) 172 

Vasopressin 152f 

Vein(s), angular 62f 

- apical of the tongue 194 

— appendicular 230 

— arculate of kidney 260 
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372 Index 

Vein(s), auricular posterior 
64 

— axillary 76 

— azygos 50, 60, 128ff, 138, 
260 

— basilic 76 

— basivertebral 60 

— brachial 76 


~ brachiocephalic 22, 50, 
64 


— bronchial 50, 132 

— cardiac 18 

- — great 20 

— — middle 20 

— — small 20 

— cava 4, 50 

— — inferior 4f, 12,22, 28. 
34, 50, 132, 212, 234, 
240, 248f, 304, 332 

— — superior 4f, 12, 22, 28, 
50, 132, 250, 332 

— central of liver 236 

— cephalic 76 

— cerebral great 60, 64 

~ circumflex iliac superfi- 

cial 76 

— coronary 20 

— cubital median 76 

— cystic 250 

— diploic 60 

— dorsal deep of penis 288, 

308f 


— — superficial of penis 288 
— duodenal 250 

— emissary condyloid 62 
~ — mastoid 62 

— — occipital 62 

— — parietal 62 

— epigastric inferior 316 
— — superficial 76 

— esophageal 50 

— excessive filling 76 

— facial 64 

— femoral 72, 76 

— gastric left 250 

— — right 250 

— — short 100, 250 

— gastroepiploic left 250 
— — right 250 

- hemiazygos 50, 60, 250 
— — accessory 50 

— hepatic 50 

— iliac common 50 

— — external 50, 268, 316 
— — internal 50, 316 

— innominate 50 
intercostal 50 

~ interlobular 236, 260 * 
~ jugular anterior 64, 76 
— — bulb 60 


| 
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— — external 64 

— — internal 50, 54, 60fi. 
210 

— lumbar 50 

— -— ascending 50 

maxillary 64 

— median antebrachial 76 

— mesenteric inferior 238, 
8 


os 


— — superior 238, 244 

— occipital 64 

— ophthalmic superior 62f 

— ovarian left 50, 304 

- — right 50, 304 

— pancreatic 250 

— pancreaticoduodenal 250 

— paraumbilical 76 

— pericardiacophrenic 22f 

— pharyngeal 64 

— popliteal 76 

— portal 34, 76, 100, 234ff, 
242, 250 

— prepyloric 250 

— pudendal external 76 

— — internal 316 

— pulmonary 4f, 12, 22, 
106, 130f, 136 

— rectal superior 250, 316 

— renal 50, 256 

— — left 304 

— retromandibular 64 

— saphenous great 76 

— — small 76 

— splenic 100, 238f, 250 

— subclavian 50f, 64, 76 

— subcutaneous 76 

— sublobular 236 

— suprarenal 34 

— testicular left 50, 282 

— — right 50, 282 

— thoracic internal 64 

— thoracoepigastric 76, 250 

- throttle 42 

— thyroid superior 64 

— trabecular 102 

— umbilical 332 

— uterine 304 

— vertebral 64 

Venous angle 44, 50, 64, 80 

— cross 6, 22 

— network 76 

— valves 34 

Ventricle(s) 8, 16 

— apex 12 

— cardiac 4f, 8ff, 16f 

— laryngeal 122 

— left 6 

— muscles 12 

— right 6 

Ventricular septum 8 





Venule(s) 34 

— epitheloid 96f 

— stellate, kidney 260 

— straight of kidney 256, 
260f 

Vesicles, seminal 70, 268f, 
284 

Vesicular transport 40 

Vessels, afferent, kidney 
256ff 

— central or great 48 

— coronary 18 

— efferent, kidney 256ff 

— iliac common 266 

— ovarian blood 266 

— testicular blood 266 

Vestibular glands 290 

Vestibule of larynx 122 

— of mouth 176 

— of nose 108 

— of vagina 290, 306 

Villi of small intestine 220 

Viscera 2 

Vocal cords 116, 118 

— process 116 

Vulva 306 


Ww 


Water blisters 78 

Wave, pulse 54 

Weaning 336 

Witch's milk 334 

Womb, see uterus 

Wolffian duct (mesoneph- 
ric duct) 272 


Z 


Zona fasciculata (adrenal 
cortex) 162 

— glomerulosa (adrenal 
cortex) 162 

— haemorrhoidalis (hemor- 
rhoidal zone) 232 

— pellucida 292 

— reticularis (adrenal cor- 
tex) 162 

Zonula adherens 224 

— occludens 32, 224 

Zymogen granules 240 





